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ABSTRACT 


The writer draws attention to some factors influencing the breeding of agricultural 
crops in the Netherlands. The mutual influence of breeding new varieties, research on - 
varieties, seed production, agricultural production and export is explained. 

In the Netherlands, farmers on average purchase approved seed potatoes once in 
three years, which equals the frequency of replacement of the seed of rye. On the area 
covered by wheat five-eighths is sown with approved seed and of peas and oats, one- 
half. In the case of sugar beet, fodder beet and some other crops (including vegetables) 
100 % original seed is used. 

The writer draws attention in particular to the reasons why there is a continuous 
need for new seed and seed potatoes. As causes are mentioned: 1. the fact that a 
farmer did not grow a particular crop in the previous year; 2. that he had difficulties 
with the seed production of a given variety or the variety deteriorated owing to im- 
purity, diseases or admixtures; 3. the wish to choose a new variety of better yielding 
capacity or other favourable properties; 4. purchase of original seed of a variety in 
demand for increase to once grown original seed or purchase of first rate starting 
material from the clonal selection farms for growing seed Be of a variety in 
demand. 


INTRODUCTION 


There exists a connection between the two aspects of plant breeding, scientific 
‚research on the one side and the breeding of new varieties on the other. 

Research in plant breeding has resulted in the selection of parent plants and in the 
development of new methods in the breeding of new varieties. Numerous problems 
involved in practical applications have been tackled by research workers. | 

Research in plant breeding has opened up new possibilities, while breeders have 
shown themselves to be capable of using them to advantage. The development of im- 
proved varieties influences the choice of varieties grown for consumption and this, 
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in turn, affects the choice of varieties for seed production to satisfy the demands for 
propagating material. 

Production in agriculture has become more and more canalized in the course of 
years, some procedures used originally in mixed farming have since become specialized. 
In former days it was hardly possible to speak of seed production. In that time it was 
often customary to purchase new seed; however, judged according to the present 
standards this propagating material can be best compared with the present harvest 
for consumption when it is grown under favourable conditions. It was more and more 
realized that seeds can be of extremely different quality. This and the fact that more 
money was paid for this better quality has induced many farmers to specialize in this 
field so that it developed into a separate branch of agriculture in the Netherlands and 
in several other countries. In the case of seed potatoes this specialization even went as 
far as the development of clonal selection farms out of the numerous seed potato 
selection farms. 


It is a cogent argument for the organizing power of the farmers organizations and 
the seed merchants in the Netherlands that a sound system of crop inspection has 
developed. 

Since 1942 all seed and seed potatoes to be introduced into the trade have to be 
approved. Seed which has not been inspected in the field and also after harvesting is 
destined for consumption (in the Netherlands or in foreign countries), with the ex- 
ception of a small part of the harvest which is being sown or planted in the farmer’s 
own fields. Dutch farmers only exceptionally use more often grown seed than the 
3rd and 4th generation. Replacement of seed by purchasing approved propagating 
material has now become the rule. 

The great significance of breeding research, the breeding of new varieties and seed 
production is generally recognized; however, one important point is often taken for 
granted. Here 1 have in mind the continuous need for new propagating material in 
agriculture which in a sense paves the way for new varieties. Conversely plant breeding, 
by the replacement of propagating material, offers the opportunity of choosing a 
better variety. 


FACTORS INFLUENCING THE BREEDING OF AGRICULTURAL CROPS IN THE NETHERLANDS 


The “spheres of influence” affecting the breeding of agricultural crops can be repre- 
sented diagrammatically (fig. 1). In this diagram plant breeding has been placed in the 
centre, comprising on the one side the breeding research, on the other the developing 
of new varieties. The influence of other branches of science affecting research in plant 
breeding has been indicated by means of arrows directed reciprocally. 


Breeding research on agricultural crops 


The way in which breeding research on agricultural erops has been organized in the 
Netherlands was described by Pror. Dr. J. C. Dorst (2). 


Developing new varieties of agricultural crops 


Breeding work in the Netherlands is almost exclusively carried out by private and 
cooperative breeding establishments. Seven of the 375 Dutch varieties placed on the 


184 


FACTORS INFLUENCING THE BREEDING OF AGRICULTURAL CROPS 


Export of 
agric. products 


Agric. 
production in 
foreign countries 


Agric. 
production in 
the Netherlands 


Export 
of seed and 
seed potatoes 


Production of seed 
and seed potatoes 


Research 
on varieties 


Developing 
new varieties 


Research in 
plant breeding 


Fia. 1. FACTORS INFLUENCING THE BREEDING OF AGRICULTURAL CROPS 


35th Descriptive List of Varieties of Field Crops (1960) have been developed by 
government institutions. In total there are 68 Dutch breeding establishments with one 
or more varieties in the List; however, there are many more breeders. The number of 
potato breeders can be estimated at 220, 36 of them belonging to the group of 68 
mentioned above; the others also hope to develop a variety for the List. However, 
only few of them will be successful and if so, their inclusion will be followed by the 
deletion of varieties which are now figuring in the List. 

The breeding objective in the Netherlands is the improvement of varieties grown in 
this country. The Dutch breeders experience keen competition of foreign breeders. In 
1959 44 %/ of the total area under production in the Netherlands was covered with 
varieties developed by Dutch breeders, 56 % of this total was under varieties of foreign 
origin. It should be understood, however, that Dutch varieties of agricultural crops 
are grown abroad and that also Dutch breeders particularly try to develop new varie- 
ties for export. 


Research on varieties of field crops 


The results of the research on varieties are published in good time every year and 
utilized for the revision of the List of Varieties which appears at the beginning of each 
year and is the responsibility of the Government Committee for the Compilation of the 
List of Varieties of Field Crops. The 35th edition appeared January 1960. A commentary 


185 


H. DE HAAN 


on the contents is published in English and also in French and German. The com- 
mentary of 1960 runs as follows: 

The research necessary for the compilation of the List of Varieties mentioned above 
is carried out by the Institute for Research on Varieties of Field Crops (L.V.R.O., 
Wageningen) in co-operation with other institutes and experimental stations engaged 
in scientific agricultural investigations. Collaborators are the Extension- and General 
Inspection Services, many persons engaged in agricultural education and several 
committees representing the marketing and industrial agricultural world in the Nether- 
lands. 

In this manner an investigation system has been developed with experimental 
farms and trial fields spread all over the country. 

In many cases the results of the field trials are decisive for the evaluation of a 
variety. But it must prove its value in practice as well. Therefore as much information 
as possible is gathered directly from the farmers who have tried a new variety. 

Annually nearly 5,000 farmers are requested to give their opinion about novelties, 
and it is often astonishing how they recognize its qualities and shortcomings at once. 
Moreover there are some 1,000 correspondents (mainly farmers), observing varieties 
in their neighbourhood and supplying information. All of them receive every year in 
September a draft-copy of the List and pass their remarks upon it. 

The data are gathered and worked out by the 1. V.R.O. at Wageningen. This institute 
has also several trial fields at its disposal. 

The List of Varieties mentions only varieties that are considered of special impor- 
tance. It emphasizes the agricultural value and mentions favourable as well as un- 
favourable characters. 


The List of Varieties in a sense is a protection against the introduction of varieties 
which are no improvements. 

The cultural value of varieties in the period 1924-1942 was described by the In- 
stitute of Agricultural Plant Breeding (Wageningen), which edited the List in that 
time. In this period the purchase of approved seed and seed potatoes increased 
regularly. This in turn led to a stage when it was possible to limit the seed trade to 
dealing in approved propagating matertal only. 

When in 1942 the Plant Breeder’s Decree came into force in the Netherlands, the 
List of Varieties became a legal document. For only those varieties that are placed on 
the List are eligible for inspection by the Netherlands Inspection Service for Seeds of 
Field Crops and Seed Potatoes (N.A.K.). Only the propagating material of field crops 
certified by the N.A.K. may be brought into circulation (DoORsT, 2, 3; DE HAAN, 4). 

Through this legal basis the seed supply is linked up with the List of Varieties and 
this has increased the responsibility of the Committee for the Compilation of the List 
and of the research on varieties in general. 

The List of Varieties serves not only as a guide to the farmer, a key to the inspection 
service and a basis to the seed trade, but it also has a great significance for the breeder. 
From the descriptions of the established varieties he can draw conclusions as to the 
direction in which he has to search in order that his new creations may have a chance 
to be included. The enumeration of the good and bad properties facilitates the choice 
of parents. The data concerning the descendants provide valuable indications. The 


186 


FACTORS INFLUENCING THE BREEDING OF AGRICULTURAL CROPS 


trials performed on behalf of the List in all parts of the country furnish to the breeder 
information relative to differing climatic and soil conditions. His varieties are objective- 
ly evaluated by the List and the breeder can use commendatory remarks for his per- 
sonal propaganda. Because poor varieties are excluded the good creations of the 
breeder have a greater possibility to spread. The List has aided bona fide workers by 
safeguarding the market from being overflown by forms of domestic and foreign 
origin of which the agricultural value was uncertain. 

In other respects also the List has been a stand-by to the breeder. Already in the 
period between 1924 and 1942 the research preliminary to inclusion secured the 
property rights of the breeder and a co-operation between the List and the Inspection 
Service protected the name of the variety. 

The List of Varieties of Field Crops was a buttress not only for the Dutch breeders 
but it also assisted the foreign plant breeders. The significance of this fact becomes 
patent when we consider that 56 %/ of the arable soil in the Netherlands is covered by 
varieties developed abroad. 

To facilitate a good choice it is important that the varietal assortment be limited to 
the best varieties of domestic or foreign origin. Accordingly, starting with the first 
List in 1924 a limitation of the number of forms was sought and the curtailed assort- 
ment was kept within bounds by the removal of less valuable varieties when better 
ones became available. Thus room was made for the superior plants. Since the first 
List one can note a progressive improvement of the varietal assortment. 

The Dutch List of Varieties possesses a characteristic feature which is missing in 
foreign lists, namely statistical data on varieties, which have been published since 
1931. These statistics provide an insight into the geographical distribution (and 
consequently into the occurrence on various soils) of the varieties and the acreage 
devoted to them (DE HAAN, 4). 


Seed production in the Netherlands 

Seed production starts with the increase (foundation seed to original) of varieties 
on breeding establishments and on the multiplication farms which are bound to the 
breeder by contract. The greater part of seed production of cereals, pulses, flax and 
some other crops aims at the production of once grown original seed which is being 
put upon the market independent of the breeder, but who is compensated by a 
royalty. 

In the production of seed potatoes the breeder remains in the background. Potatoes 
are kept up to the mark through clonal selection (i.e. maintenance) and this is under- 
taken by specialized clonal selection farms of which there are some 1,200 in the 
Netherlands. They produce healthy starting material for increase by propagation on 
seed potato farms (some 20,000 in the Netherlands). The breeder receives a royalty per 
approved hectare under potatoes as a compensation for the seed production of his 
varieties introduced into the trade by others. 

Although large part of agricultural production in the Netherlands is based on foreign 
varieties it can be established that the seed production of these varieties is undertaken 
in the Netherlands and that a royalty is paid to the foreign breeder. 

The inspection of field crops is undertaken by the General Netherlands Inspection 
Service for Seeds and Field Crops and for Seed Potatoes (N.A.K.) at Wageningen, 
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which for greater efficiency is decentralized into 13 regional inspection services (7). 
All those who are concerned in the production and supply of seed and wish to make 
use of the services of the N.A.K. must be affiliated to this body (breeders and their 
representatives, propagators and selectors, growers of seeds, dealers, cleaners, graders 
and exporters). Affiliated persons and bodies are subject to the disciplinary tribunal 
of the N.A.K. (7). 

The inspection consists of: 

Administrative control of the origin of the propagating material. 

Inspection of the growing crop. 

Supervision of the agricultural and commercial operations. 

. Inspection of an official sample taken by an impartial authority. 

Inspection of the consignment (bulk inspection). 

„ Sealing and certification. 

The inspection is a big safeguard for sound seed production because only approved 
propagating material may be traded as seed and because unreliable seeds cannot enter 
into competition. The Central Register, the List of Varieties, the seed inspection and 
the seed trade form in the Netherlands a well-balanced whole governing the produc- 
tion of propagating material of field crops. 

The activities of the Inspection Service have an important educational value on the 
farmers and on those who are engaged in the propagation and multiplication oper- 
ations. On the one side it gives the information on varieties, diseases and their control, 
etc, on the other the knowledge that their crops are regularly inspected by an authori- 
tative body. 

In 1959 the following total areas were submitted for inspection (table 1). 


rar ER 


TABLE |. TOTAL AREAS IN HA OF THE AGRICULTURAL CROPS SUBMITTED FOR INSPECTION IN 1959 


hectares hectares 
Potatoes eee 31,541 Winteriswedenrape 33 
MAntemw hea EE: 6,533 CaraWaymntarse ne REEN 56 
Wimerldemlsn … a se ee ea 411 POPDY sar verte RN 44 
Winterse ne 4,573 SUS DEEL Te 2,621 
Springiwheat tr wt 3,998 Fodderdbeet mn ne 392 
SPAS TveRr a teer RA ; 134 Tormipss enn stoner 290 
Span eibarlevsne ne 35071 Westerwolths ryegrass .. ..... 710 
Oats Er EN 9,090 Othesorasses 8,130 
Roundibluempcasm DST GIÓVELS 5 see en 290 
Marrowtats sne ID [Pins A En 124 
Other leguminous crops ..... 352 Maze 4 
Eibrertlaxdenn sn Kelt Re 127 


The inspection takes into account, not only trueness to type and varietal purity, but 
also the incidence of disease, thus it promotes the production of healthy seed and seed 
potatoes. The use of healthy starting material not only gives higher yields but is also 
a valuable contribution to the prevention of diseases. 


Agricultural production in the Netherlands 


The total area under agricultural crops in the Netherlands amounted to 869,100 ha 
in 1959 while the grassland covered 1300,000 ha. In table 2 copied from the List of 
Varieties the areas of a number of agricultural crops are given for the year 1959. 
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TABLE 2. AREAS IN HA OF VARIOUS FIELD CROPS GROWN IN THE NETHERLANDS IN 1959 


hectares hectares 
NDL nea 59,000 Bhaseolusibeansmmn 3,700 
SPELD Re Nn rn A 58,900 PLACE a Sa Eee 15,100 
SE 143,800 Caraway Se re er 2,600 
Ven banlevanm ntm 8,400 WVinteniswederrape 600 
SPE SND ale var 62,600 POPPy rn 5,400 
O OLSENE LAER NET EEE ALE 125,400 Eanaryasced maren 100 
Nxturesoatsbarleysman 42,600 Potätoestel ann wete: 144,700 
NIAZ Met EN Vrede eene 600 SUSan bee 92,700 
ET Ee 34,100 Boddenibee ee 42,400 
BELADEN SN 1,800 IUCELDE NE 5,600 


Export 


As indicated in fig. l (zone 4a) there is an export of seed (linseed, sugar beet seed, 
grass seeds, seed potatoes, etc.) and export of products like potatoes for human con- 
sumption, malting barley, flax straw, flax fibre, strawboard, potato flour, etc. (zone 5). 

The value of the exported agricultural produce (including seed) amounted to 
1,195 million guilders in 1957, that of cattle produce to 1,979 million guilders and of 
korticultural produce 719 million guilders. 

It should be noted that certain varieties, figuring on the Central Register, but of 
value only for export, are classed, without being described, in the so-called U section 
of the List. Their seed can be inspected and certified only if intended for shipment 
abroad. The very existence of this category proves very clearly that the Dutch farmers 
are prepared and are able to produce propagating material in behalf of agriculture in 
foreign countries, even of varieties which under Dutch conditions are not considered 
suitable for home consumption. The export trade, however, is mainly sustained by 
varieties having agricultural value also in the Netherlands. 


The Dutch Information Centre for Seed of Field Crops and Seed Potatoes (Stad- 
houdersplantsoen 12-18, Postbox 6045, The Hague) carries on an intensive publicity 
campaign for the purpose of promoting the use of Dutch seed and seed potatoes 
abroad. An important part of the activity of this centre consists of laying out trials 
abroad with varieties entered in the Dutch List of Varieties. For this work a large 
number of samples are sent all over the world every year. Furthermore, films and 
study tours are organized regularly. The Centre participates in foreign exhibitions(7). 


The Dutch dealers and exporters form an essential link in the marketing of Dutch 
seed and seed potatoes at home and abroad. It is the exporter, who in the first place 
must be acquainted with the product and the producing area; with the properties of 
the different varieties and their reactions to various climatic and soil conditions; and 
with the purpose for which in the countries in question the seed is used. In the case of 
seed potatoes they take care of the grading, as well as storage under proper conditions. 
They have establishments with modern equipments for dressing, drying and storing 
agricultural seed. They must have the knowledge of making their products ready for 
shipment in the right kind of packing, making suitable dispatching and shipping 
arrangements, surmounting certain trade barriers, etc. These unremitting efforts 
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guarantee that the delivered goods meet the highest quality requirements. Through 
their great professional skill and experience Dutch products find their way all over the 
world (7). 


Thanks to the creation of better varieties, thanks to impartial research on varieties, 
thanks to the activities of the seed production and selection farms aiming at the pro- 
duction of first quality, the progressive Dutch farmer is in a position to obtain high 
yields. 

The foregoing data may give an idea of the scope of the zones pictured in fig. 1. The 
zones 1-5 of the diagram influence each other. This will be explained by reference to a 
few examples. 


SOME EXAMPLES OF THE FACTORS INFLUENCING THE PLANT BREEDING 


a. The breeding of new varieties and the research on varieties influence each other 


Through the activity of the breeders, new varieties are constantly submitted for 
trial. In order to place the research on varieties on a reliable basis it was necessary to 
found a new institution which would be able to conduct the research on all varieties of 
field crops. As mentioned above this institution was founded in 1942 at Wageningen 
under the name Institute for Research on Varieties of Field Crops (L.V.R.O.), issuing 
every year a reliable guide to varieties of field crops. 

The investigations carried out by the 1.V.R.O. are made on the one side in behalf of 
the Central Register of Varieties in order to ascertain whether a variety is new. For the 
home and foreign breeders this is very important because through the registration of 
varieties in the Central Register of Varieties the right of the breeder is guaranteed. In 
the Commentary on the 35th List of Varieties (1960) the significance is described as 
follows: “A new variety, whether bred by a Dutch or by a foreign breeder, can be 
entered into the Central Register of Varieties with the effect that the breeder obtains 
the right of the breeder including, among other things, a right to receive a remuneration 
for certified seeds (of cereals, pulses, flax and some other crops) and seed potatoes of 
his varieties when marketed by others”. 

However, by far the most comprehensive task of the I.V.R.O. is the research on 
varieties in behalf of the List of Varieties. Varieties of field crops with special value 
for Agriculture in the Netherlands are mentioned in the List and only varieties de- 
scribed in the List are inspected by the N.A.K. 

From the foregoing it is apparent that the research on varieties on the one side 
established the independency of the varieties, but on the other forms a barrier as it 
were against the introduction of new varieties. Only varieties enriching the assortment 
are placed on the List; inferior ones have no chance of being increased for the pro- 
duction of seed. Only a limited number of new varieties can be placed on the List 
which is impartial as to the origin being at home or abroad. 

The Dutch breeders and undoubtedly also foreign breeders esteem the way in which 
the research on varieties is organized in the Netherlands. By that they profit from an 
extensive network of trial fields distributed all over the country and as a result get the 
disposal of more details than when the investigations would be restricted to their own 
trials. 
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b. The breeding of new varieties and the production of seed and seed potatoes influence 

each other 

If no new varieties were developed the replacement of varieties would be less fre- 
quent and the production of seed and seed potatoes would be smaller or even might 
not have developed at all. 

Because various Dutch varieties are evaluated abroad, seed production has develop- 
ed to such an extent that not only the need of the country is filled but also that material 
is exported. Of seed potatoes even about 75 % are being exported for potato growing 
abroad. It need not be emphasized therefore that the breeding of new varieties offers 
new prospects for the production of seed and seed potatoes. 

Conversely the production of seed and seed potatoes and the closely related in- 
spection influence the breeding establishments since the demands of varietal purity 
and health set by the N.A.K. have a stimulating effect on a careful maintenance and 
on activities bearing on the health of the varieties. 

The Plant Breeder’s Decree has made it possible to raise levies via the N.A.K. on 
the production of seed and seed potatoes (with the exception of the original fields) in 
order to be able to pay remunerations to the breeders for the seed and seed potatoes 
introduced into the trade by others. This means that the breeders receive revenues 
from the breeder’s premiums (included in the sales price of the original propagating 
material) and/or from the breeders’ compensations (a return from the seed and seed 
potatoes grown by others). 


c. The breeding of new varieties and agricultural production influence each other 

In the course of years a general improvement of the yield level of crops has been 
reached. Thanks to the work of the breeders better varieties have become available. 
At first the aim was to develop varieties suitable for the better fertility level of the soil 
(higher yields, stiffer straw), then the breeding for disease and cold resistance came 
more and more to the fore, while at present also attention is being paid to varietal 
characters suitable to mechanization and to quality demands made by the consumers. 

An interesting example of the successes of Dutch breeding work is flax. In the past 
century foreign local varieties were grown, but nowadays flax growing in the Nether- 
lands is based on productive Dutch flax varieties. Of the area covered by flax even 
some 70 % is being inspected. It follows that large quantities of seed become available 
for export. 


d. The breeding of new varieties and export influence each other 

The fact that considerable quantities of seed of some Dutch varieties are exported 
speaks for itself. Dutch potato breeders have succeeded in developing varieties 
adapted to climate, soil and cultural conditions in the Netherlands and in other 
countries. This is also the case with various other crops (flax, sugar beet, grasses, 
round blue peas, marrowfats, oats, etc.). The outlook is particularly favourable for 
Dutch breeders in a country where the breeding work on an important crop has not 
yet been started or has not yet yielded results. 

It is encouraging that export of seed potatoes, linseed, sugar beet seed, grasses is 
even much more important than the home market. 

The export of seed to other countries in general is possible only when the relative 
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varieties have been placed on the lists of varieties in those countries. However, in some 
cases the demands on varietal purity are such that they can be satisfied only with 
difficulty so that promising young varieties obtained by crossing are excluded! 


e. Seed production and agricultural production influence each other 

The result of inspection activities in the Netherlands is that great care is taken in the 
production of seed and seed potatoes. The N.A.K. seal is a guarantee for the quality 
of the seed. The purchase of seed is particularly recommended. to those who cannot 
themselves pay attention to the seed production. However, it stands to reason that 
farmers who do take trouble in this respect regularly purchase original seed from 
the breeder or seed potatoes from clonal selection farms. 

In the Memorial book published by the N.A.K. in 1957 R. W. JANSSEN describes 
interesting details on the frequency of replacement of propagating material (6). He 
comes to the conclusion that in the case of potato growing in the Netherlands on an 
average once in three years approved seed potatoes are used. He also states that in 
the regions with systematic seed potato production the use of new material for the 
production of industrial and eating potatoes is much more general than in the so- 
called consumption areas. Furthermore he establishes that in recent years the per- 
centage of fields under approved seed potatoes has constantly increased. 

For rye also he comes to the conclusion that the farmer, on average, purchases new 
seed once in three years. 

The areas under cultivation with some other principal crops being grown for con- 
sumption from approved seed are as follows: wheat @, peas }, oats 5, although this 
last figure is somewhat lower for some sand districts. 

It can be said in general that the Dutch farmer purchases new seed because by that 
means he increases his financial output. 


The foregoing examples give an impression of the factors influencing plant breeding. 
If these factors were treated e.g. for potatoes, wheat, sugar beets or grasses individually, 
it would undoubtedly be possible to enter into greater details. However, this is 
beyond the scope of this article. 

In the following section an attempt will be made to analyze the causes of the con- 
tinuous need for new seed and seed potatoes. 


THE CONTINUOUS NEED FOR NEW SEED AND SEED POTATOES 


The reasons of this demand for new seed and seed potatoes can be presented in the 
following points: 

a. The farmer has no seed of a given crop he intends to grow. 

b. The farmer wants to grow the same variety but had difficulties in the production 
of seed or seed potatoes. 

c. The farmer considers it desirable to purchase approved seed or seed potatoes of the 
same variety because he expects it to give better results than his own material grown 
again. 

d. On farms based mainly on mechanization it is considered too laborous to give 


special treatment to a part of the crop in order to provide seed of the same variety. 
e. The farmer wants to grow an other variety. 
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f. Purchase of original seed of a given variety which is expected to have a market for 
its once grown generation or purchase of new starting material for the growing of 
seed potatoes. 


a. The farmer has no seed of a given crop he intends to grow 

Some cash crops such as winter swede rape, poppy, canary seed, caraway, yellow 
mustard are not regularly grown. 

The production of propagating material of some crops is undertaken by breeders, 
while there are no later generations. This holds for sugar beet, fodder beet, swedes, 
turnips (seed production of local varieties for the use of the farmer himself still 
occurs), grasses, clovers, lucerne and hybrid maize. (This is also the case in vegetable 
growing). 

Sometimes the whole harvest, seed and all, is sold. Often the flax straw is sold with 
seed balls, while peas for canning go to the processing industry leaving no seed avail- 
able for the production of later generations. 

In winters with severe frost it happens that some crops (winter wheat, winter barley, 
and winter swede rape) are destroyed by frost or that they are destined for other pur- 
poses on account of insufficient stand of the crop so that seed of a summer crop is 
needed. 


b. The farmer wants to grow the same variety but had difficulties in the production of 

seed or seed potatoes 

A poor quality may be caused by heavy attacks of yellow rust or loose smut (barley, 
wheat), heavy lodging or unfavourable weather during the harvest (e.g. causing shooting 
in the ear of rye, oats or wheat or bad quality of peas), heating during storage (oats) 
ELC. 

In potatoes it is particularly the incidence of disease causing seed potatoes of one’s 
own harvest to be unsuitable for use. 

Varietal impurity may occur in a high degree (for instance caused by threshing 
machines) while also admixtures with other crops and the occurrence of weeds 
necessitate replacement of propagating material. 

It often occurs that in unfavourable harvest weather in some areas the conditions for 
the production of propagating material were more favourable in other areas so that 
the farmer considers it desirable to purchase the seed from elsewhere. 


c. The farmer considers it desirable to purchase approved seed of the same variety 
because he expects it to give better results than his own material being more often 
grown 

The cause of this may be that the region where the farm is located as a consequence 

of climatic or soil conditions as a rule does not furnish seed or seed potatoes of good 
quality. It is then desirable to purchase regularly new propagating material. 

In regions where the production of high straw yields is aimed at, a denser stand is 

often considered necessary than is desirable for obtaining a good kernel quality. 

Many farmers are aware that on breeding establishments and on clonal selection 

farms year in year out work is being done for the maintenance of varieties. Starting 
from plants that are typical for the variety through line selection or clonal selection 
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the variety is constantly rebuild by the breeders in order to be able to guarantee 
varietal purity (pr HAAN, 5). For this reason also the original seed or once grown 
original seed is to be preferred over older generations or unapproved seed from their 
own fields. 

In the case of potatoes where virus and fungus diseases cause much damage to the 
erop new seed potatoes will be purchased regularly. In cases where the farmer rejects 
from part of a field for consumption or industrial purposes the diseased or aberrating 
plants and lifts the healthy ones in green state (his own seed potatoes), he will consider 
it advisable to purchase regularly new seed potatoes of high quality. 


d. On farms based mainly on mechanization it is considered too laborous to give special 
treatment to a part of the crop in order to provide seed of the variety 


There are numerous farms where the farmer is specialized in other procedures than 
the production of seed. It is considered to be unremunerative or the conditions of the 
farm do not allow of bestowing greater care to part of the harvest. On mechanized 
farms it is considered too laborous to pay great attention to selection, harvesting 
(with carefully cleaned harvesters), threshing (with carefully cleaned threshers), 
storage of seed, etc. 


e. The farmer wants to grow an other variety 


In the course of years the varieties have been improved considerably. The reports 
on varieties and the list of Varieties draw the attention to new varieties. Progressive 
farmers show a rapid response. 

The new varieties may be distinguished by higher yielding capacity, a better quality 
(malting barley, fibre quality of flax, starch content, sugar content, fodder value, 
better storage quality, etc), better reliability of harvest (resistance against diseases and 
against frost or other unfavourable climatic conditions), earliness (escaping diseases 
or acceleration of the harvest), better adaptation to the conditions of the farm (heavy 
or light soil; humid or arid soil, etc), better marketing possibilities or higher price of 
the product. 

In general it can be said that thanks to the impartial information of the List of 
Varieties and Agricultural Extension Service and the trust which the farmer places in 
this information he adopts new varieties rapidly. Moreover he wants to gain an im- 
pression by himself of the possibilities which new varieties offer for his farm. 


f. Purchase of original seed of a given variety which is expected to have a market for 
its once grown generation or purchase of new starting material for the growing of 
seed potatoes 


The farmer who is also a seed grower will always need the original seed of the 
breeding establishments to increase it. The seed potato grower is in continuous need 
for first quality starting material of the clonal selection farms. 


Approximate frequencies of the causes mentioned for the replacement of seed and 
seed potatoes can be given as follows: 
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Seed of 
Causes for the replacement of | Seed 
seed and seed potatoes | Cereals, flax |_ Sugar beet potatoes 
and pulses fodder beet 
Purchase ofsseed ofka new crops. nt | 5/4 SI — 
Burchaseof seed ofsthessame varietyae. Kunin | SO 

b. (Adversities with a given variety) .. ......| 10 % — 20E 
c. (Older generations need replacement) . .....|! 10 % | — 20 % 
d. (Too laborous to pay attention to selection) ... DONA | — 3054 
e. Purchase of seed of an other variety desired .. .| 45 % 45 % | 20 % 
MEurchaserafsstarting matetialss er Eten ee KO — | 10 9% 


SAMENVATTING 
Invloedssferen van de veredeling van landbouwgewassen in Nederland 


Schrijver vestigt de aandacht op de invloedssferen van de veredeling van landbouw- 
gewassen in Nederland. Met enige voorbeelden wordt de invloed van het kweken van 
nieuwe rassen op het rassenonderzoek, de zaaizaad- en pootgoedteelt, de landbouw- 
produktie en de export toegelicht. 

In Nederland schaft de boer gemiddeld eens in de drie jaar goedgekeurd pootgoed 
van aardappelen aan, terwijl de frequentie van vernieuwing van zaaizaad van rogge 
daaraan gelijk is. Bij tarwe wordt voor $ van het areaal goedgekeurd zaaizaad ge- 
bruikt, bij erwten en haver voor de helft van het areaal. Voor suikerbieten, voeder- 
bieten en enige andere gewassen wordt 100 % origineel zaaizaad gebruikt. 

Schrijver vestigt in het bijzonder de aandacht op de oorzaken waardoor er een 
voortdurende behoefte aan nieuw zaaizaad en pootgoed is. Als oorzaken worden ge- 
noemd dat de boer het gewas in het voorgaande jaar niet verbouwde, tegenslag met 
eigen zaaizaad- of pootgoedwinning van een bepaald ras of achteruitgang van dat ras 
door rasonzuiverheid, ziekten, vermenging, de wens een nieuw ras te kiezen met hoger 
opbrengstvermogen of andere gunstige eigenschappen, aanschaf van origineel zaai- 
zaad van een gevraagd ras voor vermeerdering tot le nabouw, aanschaf van hoog- 
waardig uitgangsmateriaal voor de teelt van pootaardappelen. 
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ABSTRACT 


There is a need to review the theories of N. 1. VaviLov on the basis of modern 
knowledge on the nature and genetics of variability, ecogenetics, environmental 
archaeology and related subjects. 

Greater care should be taken in the preliminary planning of plant collecting ex- 
peditions, so that collectors may be better informed on the ecology of the species they 
are to collect, and of the types of vegetation in which they are likely to occur. The best 
method of sampling populations should be evolved so that plant introduction stations 
shall not be swamped with vast collections. 

Current interest is widespread with regard both to species and to the countries 
concerned. There is a great need for new material of herbage and fodder plants, grain 
legumes, cereals, potato, coffee, cacao, rubber and other crops. Time is short, as the 
centres of origin are suffering from clearance of vegetation and ““development”. 

There is a recent tendency to propose the establishment of Plant Exploration 
Centres within the centres of origin. 


Ll. CONTINUING NEED FOR NEW MATERIAL 


There is perhaps no more promising field for international collaboration than the 
exploration, collection and introduction of wild species and primitive forms of crop 
plants. It is rare that expeditions or their proceeds are of interest to only one country. 
There is a great scope for planning expeditions on a cooperative basis as between the 
collecting countries and the countries in the region in which the collection is to be 
made. The collaboration of specialists in different aspects of crop science from differ- 
ent countries during the collecting expedition itself is likely to be most fruitful. 
Finally, it is highly desirable that the proceeds of an expedition be adequate in amount 
or be multiplied in the region of collection so that they may become available to 
specialists in many countries. 

It should perhaps be asked what is the purpose of collections at the present day, 
since many of the wild counterparts of cultivated varieties are rather poor stemmy, 
unproductive types with other undesirable characters such as an extended period of 
seed maturation, seed shattering, small grain, and so on. 

In the first place it is not generally realized on what a narrow genetical base many 
of our well-known crops are founded, and how desirable it would be to broaden this 
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by crossing with new wild or primitively cultivated material. Practically ail the thou- 
sands of acres of Pangola grass ( Digitaria decumbens) in Central America and the 
West Indies have originated and been reproduced vegetatively from three plants in- 
troduced into Florida from Africa about 1940, and even these three may have been 
clones of one original plant. The equally popular grass of Ceylon, Brachiaria brizantha, 
was at least until recently based on five cuttings introduced from East Africa. There 
are many similar examples, and the risk is great. Already in Florida it is becoming 
necessary to spray Pangola grass pastures for aphids and a fungous disease. It is 
urgently desirable to introduce new material of this grass from a range of habitats in 
Africa to ensure against a major economic crisis. 

Apart from the urgent need for more plant collection primarily for the economic 
purposes discussed in a later section, there are many fundamental problems of plant 
science which could be studied more efficiently and profoundly if a wider range of 
material could be made available. In the search for the variability which is an important 
objective of much introduction work it would be desirable, for example, to review the 
concepts of VAvILOv (23) with regard to the centres of origin of cultivated plants. 
HANS HELBAEK has recently stated that VAviLov, not being a cultural historian, did 
not correlate his theories of emergence of cultivated plants with reliable assumptions 
from cultural history. Thus he proposed the emergence of wheat, barley and flax, for 
example, in areas other than those in which the earliest archaeological evidence of 
crop husbandry has been found. He assumed that India, Afghanistan and Ethiopia 
were under cultivation before Mesopotamia and Egypt. He did not accept the primary 
qualification that a cultivated variety must have arisen within the area of distribution 
of its wild progenitor, and that it is therefore desirable to re-establish a picture of the 
original chorology of the wild counterparts of our economic crops, and of the types 
of vegetation or plant communities in which they would have been likely to occur. If 
a plant is taken beyond the limit of its original natural habitat and maintained by 
cultivation, the process of adjustment (what the American environmental archaeo- 
logist, ROBERT BRAIDWOOD, has called permissive mutations and/or introgressive 
hybridizations which permitted the expansion of peoples and their newly domesti- 
cated plants and animals outside the zone of the natural habitat) may result in new 
gene combinations and the formation of a multitude of morphological types deviating 
from the original. It would be interesting to study these questions in more detail, in the 
first place by collecting wild species and primitive forms from the true ecological en- 
vironment of the species, and by comparing their genecology with that of less primitive 
types further removed from the true centre of origin, in zones of maximum diversity 
under cultivated conditions. Reference should be made at this point to the agro- 
stological index as a possible phytogeographical approach. (HARTLEY, 8). 


The distribution of variability is dependent upon the nature of the breeding system 
(HUTCHINSON, 11). In outbreeding crops, even when only 15 to 20 per cent natural 
erossing occurs, new centres of variability are developed in the many regions in which 
the crops have been established. Even in pre-eminently self-fertilized crops such as 
wheat, there is enough crossing in Northern India, one of VAvILOV’s centres for this 
plant, to give a degree of heterozygosity in excess of what would be expected in long 
inbred material (see also FRANKEL, 4). HUTCHINSON believes that self-fertilization is a 
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recent and unfortunate accident in a crop’s history. STEBBINS (20) also refers to self- 
fertilization as a derived condition from cross-fertilizing ancestors, an outcome of 
pioneering in new and difficult environments. One reason why species have given up 
eross-fertilization “with its attendant advantages of population variability and genetic 
heterozygosity”” may be that self-fertilization is a means of fertility insurance in plants 
that are subject to periodic drought (see also BAKER, 1). 

There is also the question whether the formation of new biotypes is still proceeding 
in or on the fringes of the so-called centres of origin or centres of maximum varia- 
bility, or whether in all or in some species it occurred a long time ago and the popu- 
lations have remained relatively static ever since. VAvILOv states that species formation 
is still occurring in the Middle East in Medicago, Pyrus, Amygdalus and to a consider- 
able degree in the wheats, but has anyone ever proved this? If no further variability 
is occurring, then one or two well organized sweeps would bring all the possible 
genetic resources to the living collections and breeding grounds of the world. If it 
can be proved that new biotypes are continually being formed in certain favoured 
regions, then plant exploration should in theory be repeated at appropriate intervals 
for many years to come. The natural vegetation and the primitive crops should in such 
a case be regarded as an extremely precious resource and should be conserved by all 
possible means. A possible example of continuing variability is the coincidence in 
certain parts of Latin America of centres of origin of both the potato and of the fungus 
Phytophthora (NIEDERHAUSER and CoBB, 14). It seems to be thought by qualified 
specialists that the fungus is continually producing new strains. If the potato on its 
part did not retain the capacity to produce new biotypes as a natural defence against 
renewed virulence, it would presumably have been defeated long ago and become 
extinct. Is it believed that a state of relative equilibrium is maintained by a comparable 
degree of variability in fungus and host plant? 


Plant breeders concerned with the introduction of wild species or primitive forms 
into new areas must also take into consideration the possibility and degree of genetic 
adaptation after introduction into the recipient country. FRANKEL (4) has reviewed 
this important aspect with particular reference to the invasion and evolution of plants 
in Australia and New Zealand (fig. 1). As a consequence of the vast exchange of plants 
and animals between countries and continents following the extension of European 
influence beyond the borders of the Old World, migrants have, with, without, or 
against the will of man, established themselves in habitats differing to a greater or 
lesser degree from those from which they had come. Over vast regions, exotic plants 
and animals have displaced or replaced indigenous ones, often in a remarkably short 
space of time. ““What has been the impact of this new environment on the genetic 
structure of the migrants and how far and in what manner has the process of re- 
establishment been aided by genetic adaptation?” 

The scope for genetic adaptation in cultivated plants is not independent of the 
nature and degree of environmental adaptation. Glasshouse crops often receive in 
their new environment such a high degree of environmental adaptation that the scope 
and need for genetic adaptation are greatly reduced. At the other extreme, plants 

which establish themselves in native grasslands in competition with an adapted flora 
and without modification of the environment except by the grazing animal or by 
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MODIFICATION OF ENVIRONMENT 


Modification of Competition Natural Selection 


Removal of Indigenous 
Flora 


Cultivation 
Grazing Animals 


Fig. |. FITTING OF CROP PLANTS INTO NEW ENVIRONMENTS (FRANKEL, 4) 
(The parts played by modication of environment and adaptation of heredity in the main 
groups of crop plants. The relative intensities of adaptive influences are indicated by the 
thickness of connecting lines) 


Key to diagram: 


HORT: horticultural crops 

AGR: agricultural crops 

SP: pasture plants in sown pastures 

UP: _ pasture plants invading unimproved (indigenous) pastures 
SILV: silvicultural crops 
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light applications of fertilizers are given full scope for adaptive genetic changes. Field 
crops lie between these two extremes. Weeds would presumably be likely to show as 
much or even more genetic adaptation than herbage plants. One would perhaps expect 
to find a greater degree of genetic adaptation among the African grasses introduced 
fortuitously into tropical Latin America than in their African habitats. 

Genetic adjustment may improve adaptation in an established habitat; it may also 
extend the habitat range. Wheat has become genetically fitted to new climatic zones. 
This possibility may require particular attention in species with limited genetic re- 
presentation, which may be the case in deliberate or accidental introductions and 
especially in species with restricted recombination. FRANKEL considers that it may be 
possible by the use and study of hybrid populations i in marginal zones (HARLAND, 7) 
to extend both the ecological range of a species and our knowledge of physiological 
and genetic barriers. 

In planning plant exploration and collection, one has in many if not all cases to 
consider the comparative physiology of growth and reproduction of the material 
being collected, the true nature of the environment in which the collection is made, the 
probable response of different species and different ecotypes within a species to 
variable temperatures and daylengths at the site where they will in future be grown, 
and the relation between vegetative and reproductive behaviour and latitude or other 
geographical factors. A plant which is relatively insignificant or unimportant in its 
native habitat may assume great importance when cultivated in a different habitat. 
Pasture plants which seed profusely in one habitat may find their best use in habitats 
where seeding is wholly or partially suppressed by temperatures or daylengths which 
are unfavourable for reproduction, and which may therefore promote prolific develop- 
ment of leaf (WHYTE, 27). 


These are merely a few examples of facts and factors which will have to be taken 
into consideration, perhaps particularly with reference to modern views and findings 
in environmental archaeology (WHxre, 28), when we come to rewrite VAVILOV. 

Plant exploration can also make a great contribution to a better understanding of 
the ancestry and taxonomy of plant families and species of economic crops (HARTLEY 
on Gramineae, 8, 9, 10, STEBBINS also on Gramineae, 20, NORRIS on Leguminosae, 15, 
and many others). So far we have made only limited use of the world’s plant resources. 
Even at the Institute of Plant Industry in Leningrad, the famous collections represent 
to only a very slight degree the great variety of wild and cultivated forms of plants 
which exist in the world (ZHUKOvsKI, 29), but in common with breeders in many parts 
of the world the Soviet workers are suffering from a plant breeders’ famine, as regards 
original material for a wide range of crops. 

And time is running out, as increased pressure on the land in the collecting areas 
means more ploughing up of natural vegetation, and overgrazing or the burning of 
grassland leads to the destruction of vast areas and elimination of many important 
tree and herbaceous species and ecotypes. The sample of biotypes available for ex- 
perimentation nowadays is only a fraction of those which were available to a species 
in its heyday (BAKER, 1). Depletion of biotypes almost certainly means reduction in 
the range of ecological tolerance of any material now collected (Goop, 6). This is 
perhaps even more important than the oft-quoted fact that in many countries old 
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primitive forms or land races are being replaced by improved varieties, perhaps with 
a narrower genetical base, and are being lost. Both types of material, the wild species 
and the primitive cultivated forms, require urgent attention if valuable genes are not 
to be lost for ever. 


2. OLD AND NEW METHODS 


Plant introduction may be said to have passed through two major phases, not 
necessarily completely distinct in the time sequence. The first began with the initial 
domestication of crops and the inspired selection by primitive peoples of types with 
large seeds, non-shattering habit, shorter range of maturity dates and other charac- 
ters of considerable economic significance. This first phase continued through the 
centuries if not millennia, with the fortuitous transfer of seeds and plant material along 
the ancient caravan routes, in the ballast of ships, the bedding of slaves, the impedi- 
menta of armies and the scrips and fardels of pilgrims and monks. In more recent 
times, migrants from the Old World to the New took along seeds of the field crops, 
vegetable and forage plants with which they were familiar in their homeland, and later 
the New World made many important contributions to the Old. 

The second phase has been represented by a change from these more or less 
haphazard methods to the planning of expeditions for specific purposes and the or- 
ganization in certain countries of plant introduction services to cope with the material 
which now became available. Many more countries are at present interested in setting 
up some type of mechanism on a national or international basis on the lines of the 
New Crops Research Branch, Crops Research Division, Agricultural Research 
Service, U.S. Department of Agriculture, Beltsville, Maryland; the Plant Introduc- 
tion Section, Division of Plant Industry, C.S.L.R.O., Canberra; the Institute of Plant 
Industry, Leningrad and other centres. It is known that India and Pakistan have 
established special services and Viet Nam, Japan and other countries are interested in 
doing so, while the countries of western Europe have stated through the European 
Commission on Agriculture that they would like to establish some type of introduction 
arrangements, perhaps a network of receiving Institutes, in association with FAO. 

During this second phase, however, there has been a tendency for plant explorers 
to carry out their work without adequate preliminary research and planning, without 
a real knowledge of the autecology, genecology or takonomy of the genera and species 
they set out to collect, or of the ecology of vegetation types or climatology of the 
regions in which they will be working. This has meant that massive collections have 
frequently been made, sometimes without sufficient regard to or recording of the 
ecological conditions of the site of collection. Plant introduction stations have there- 
fore tended to be swamped with large collections which may not be a fully repre- 
sentative sample of the variability of the species within the region of operation. 

There is therefore a need for a careful consideration of the scientific bases for a 
third phase, in which more attention would be given to the preparatory stages, to the 
study of the ecological aspects, perhaps involving a preliminary field reconnaissance 
before the actual collection is made, and to the technique of sampling of a population 
so that the swamping of introduction services may be avoided. 


201 


RO NWA 


3. CURRENT INTEREST IN DIFFERENT CROPS 


An indication of the widespread interest in new genetic material of a wide range of 
crops may be seen in the FAO Agricultural Study No. 41, Plant Exploration, Collec- 
tion and Introduction (Waxytre, 24) and in the FAO Plant Introduction Newsletters. In 
the Agricultural Study, reference has been made to certain information which was 
available at the time of writing, for example, 

a. the maintenance on behalf of the Committee on Preservation of Indigenous 
Strains of Maize (National Academy of Sciences-National Research Council, U.S.A), 
in association with Rockefeller Foundation, of Seed Centres for the Mexican and 
Central American Areas, Colombian/Andean Area, Brazilian/Eastern South American 
Area, and the United States of America and Canada; 

b. the joint project between FAO and C.S.L.R.O., Australia, in 1954 to collect 
pasture species from the natural vegetation in the Mediterranean region for intro- 
duction and testing, both in the countries belonging to the FAO Working Party on 
Mediterranean Pasture and Fodder Development and in Australia (NEAL-SMITH, 13); 

c. the collection by Dr. H. Kuckuck while serving on an FAO assignment in [ran 
in 1954 of some 10,000 types of wheat, rye and other Gramineae and Leguminosae, 
which were shared between his own university in Germany, the Plant Breeding 
Station at Yesilkoy near Istanbul, Turkey and the U.S. Department of Agriculture; 

d. the collections of herbage plants made in 1956 in western Europe on behalf of 
the U.S. Department of Agriculture (GENTRY and SCHOTH, 5); 

e. the Swedish/Australian expedition to Italy, Greece, Turkey and Yugoslavia in 
1956 to collect (for Sweden) primitive forms of cereals, and representatives of the 
genera Brassica, Sinapis, Beta, Phleum, and Dactylis (OLSSON and ELLERSTRÖM, 16) 
and (for Australia) herbage plants with particular reference to Trifolium subterraneum 
from supposedly isolated habitats in the Aegean Islands (SYMON, 21); 

f. the needs of Soviet botanists are expressed by ZHUKOVSKI (29), particularly with 
reference to expeditions to India, Pakistan, Viet Nam, China and Latin America 
(subsequently made in 1957/8 in company of PROFESSOR H. BRÜCHER of Argentina and 
specialists from Germany and the Netherlands); 

Z- the possible scope and importance of plant introduction in southeast Asia 
(KuUMAR, 12) and with special reference to the horticultural needs of Indonesia 
(THROWER, 22); and 


h. the work of the South Pacific Commission. 


Since FAO began to issue its Plant Introduction Newsletter in November, 1957, a 
great deal of information has been made available to specialists in all parts of the 
world with regard to needs, activities and plans. A brief summary will be given under 
the different crops. 


Herbage and Fodder plants 

Approximately 600 individual collections made in the FAO/CSIRO Mediterranean 
collection referred to above were multiplied at Rome and seeds were made available, 
with notes from field observations on germination, growth habit and other characters 
(RosserTi, 19). The needs of Japan to support the intensive program of grassland and 


202 


PLANT EXPLORATION AND INTRODUCTION 


fodder development have been noted (Wryre, 25). Dr. LIONEL CORKILL, Director, 
Crop Research Division, D. S.I.R. Lincoln, believes that herbage plant breeding in 
New Zealand could gain greatly by the introduction of new material and that FAO 
should facilitate this on the lines of the recommendation approved by the 7th Inter- 
national Grassland Congress. The Forage Crops Division of the Canadian Experi- 
mental Farms Service has had considerable success with introductions of Dactylis 
glomerata, Bromus inermis, Phleum pratense, Festuca elatior, F. rubra, Poa pratensis, 
lucerne and other legumes, but still needs new material of Lotus species. 

The Welsh Plant Breeding Station requests ecotypes of Dactylis glomerata from 
natural habitats. Mr. C. L. BEHM has reported on the species of legumes and grasses 
collected in Turkey and Iran in 1957. FAO Field Officers in Lebanon, Afghanistan and 
Iran (H. PABor, 17, 18) and in Iraq have collected a number of interesting species 
from the wild, established nurseries locally and sent seed to FAO for distribution. 
E. T. BAILEY of the Plant Introduction Section, Division of Plant Industry, C.S.L.R.O. 
collected in 1958/9 in Central Chile, with brief visits to Mexico, Argentina, Uruguay 
and Rio Grande do Sul; attention was given primarily to the following genera: 
Adesmia, Hosackia, Lathyrus, Medicago, Trifolium, Vicia, Briza, Bromus, Hordeum, 
Melica, Nassella, Phalaris, Piptochaetium, Poa, Stipa, and Trisetobromus. The FAO 
Field Officer in Tunisia, M. TrrAULT, is multiplying local ecotypes, especially of 
Festuca eliator and Dactylis glomerata. 


Grain legumes 

The Director, Centre de Recherches Agronomiques, Bambey, Senegal, has re- 
quested varieties of Vigna sinensis or V. unguiculata resistant to Curculionides, wild 
or cultivated varieties of Phaseolus acutifolius, and wild or cultivated varieties of 
Lablab niger (Dolichos lablab) from its supposed centre of origin in Ethiopia. Dr. 
BEHM’s collections in Turkey and Iran included Phaseolus, Pisum, and Cicer. An 
expedition of German scientists who visited India and Assam between August, 1955 
and March 1957 handed over to Dr. PIRSON of the Institut für allgemeine Botanik in 
the University of Hamburg their collections of Crotalaria, Indigofera, Desmodium, 
Phaseolus, Vicia, Teramnus, Uraria, Flemingia, Alysicarpus, Cassia, Caesalpinia and 
other genera. The FAO/CCTA Technical Meeting on Legumes in Agriculture and 
Human Nutrition (FAO, 3) made a number of recommendations relating to the better 
understanding of the resources in Africa South of the Sahara, and to the maintenance 
of living collections, herbaria and catalogues of species and cultivars. FAO published 
its Tabulated Information on Tropical and Sub-tropical Grain Legumes (FAO, 2). 
PROFESSOR A. H. BUNTING of the University of Reading, England, has stated his 
wishes with respect to Pisum fulvum, P. elatius, P. sativum, Vicia faba and V. narbo- 
nensis. 


Cereals 

Two Japanese studies financed by the Rockefeller Foundation are concerned with 
the origin of cereals. PROFESSOR H. KIHARA is engaged on a study of the history and 
origins of rice and in this connection Dr. K. FURUSATO has made a collecting expedition 
through the Sahelian zone south of the Sahara and in East Africa in the hope of 
finding wild species or primitive forms. PROFESSOR K. YAMASHITA and his colleagues 
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of the University of Kyoto have recently visited countries in the eastern Mediter- 
ranean and Middle East as part of their study of the cytogenetical basis of wheat. As 
an outcome of the earlier work of PROFESSOR KIHARA, it is known that the genealogical 
relationship of wheat and its relatives is as follows: 


AA BB DD Annotation: 
Einkorn wheat Unknown _Aegilops squarrosa A, B or D represents the symbol of the 


genome which is the cytological and 


genetical unit of making up each species. 
| 5 


AABB 
Emmer wheat 


AABBDD 
Common wheat 


The wild species Aegilops squarrosa occurs from Pakistan to Iran through Afgha- 
nistan, and it is thought that our common wheat, AABBDD, arose by hybridization 
between emmer wheat and Aegilops species in these regions. Similarly, it is presumed 
that emmer wheat originated from a cross between Einkorn wheat, an existing diploid 
species, and another species still unknown with BB constitution. Recent studies in 
Japan have led to the conclusion that BB species may belong to the Section Sitopsis of 
the genus Aegilops. It is known that this and many other species occur in and around 
the eastern Mediterranean. 

The Professor of Agricultural Botany, University of Reading, has also stated his 
interest in a number of species of Aegilops from the Middle East while D. G. GRIF- 
FITHS of the Welsh Plant Breeding Station, Aberystwyth, is interested in diploid and 
tetraploid types of Avena, wild and cultivated, from the Mediterranean and Middle 
East regions. These types are required for producing new synthetic hexaploid forms in 
an attempt to elucidate what genomes have gone into the cultivated and wild hexa- 
ploids that are being found today. Considerable progress has been made in finding one 
or two of the genomes, but there is a third which is still missing and it may be either 
a diploid or a tetraploid. 

As the plant breeding program at Matopos Research Station, Bulawayo, Southern 
Rhodesia, is to be extended to include in the first place the Pennisetum millets, the 
Officer in Charge, Mr. J. M. RATTRAY, has asked for seeds from any country in which 
these cereals are cultivated. 


Potato 


The centres of origin of the various species of Solanum in Latin America continue 
to appeal to collectors. Dr. J. G. HAwKES, of the University of Birmingham, England, 
visited the south-western United States, Mexico, Guatemala, Honduras and Nica- 
ragua. PROFESSOR H. BRÜCHER, Dr. P. N. ZHUKOVSKI and Dr. GOTTSCHALK (of the 
University of Bonn) explored in the north Argentinian gene centre, and on the island 
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of Chiloé in southern Chile. PROFESSOR W. RUDORF of the Max Planck Institut, Köln- 
Vogelsang, together with Drs. H. Ross and R. RiMPAU of the same Institute and 
Dr. Diers from the Botanic Institute of the University of Cologne spent six months 
in Mexico, Peru, Bolivia, Argentina and Chile. 


Coffee 

A taxonomie revision of the genus Coffea should be based primarily on new material 
yet to be collected; there is a great need for a wider range of genetic material for the 
use of coffee breeders; the native flora in many areas in the tropics where coffee species 
are native is being rapidly destroyed due to the expansion of agriculture. If sufficient 
funds were available, FAO would organize expeditions in West and East Africa (of 
particular importance since they are the homes of the most important species: 
C. arabica, C. canephora, C.liberica, C. demeurei and C. congensis) and in India, 
Ceylon, Burma, Thailand, Malaya and Indonesia. 


Cacao 

Although several expeditions, particularly that directed by Pounp in 1958, have 
resulted in valuable additions to existing collections of Theobroma and have provided 
breeders with important material, a new attempt should be made to collect more 
types, not only in north-west South America, but also in Central America and Mexico, 
where cacao was introduced in pre-Columbian times. More information should be 
obtained on the most probable place of origin of this genus. 


Rubber 

There is a great need to diversify further the basic material of Hevea now available 
to breeders. Many collections have already been made in the Amazon Basin, but a 
great wealth of genotypes still exists there for use in developing still higher yielding 
strains, and clones providing better quality rubber. This is essential for natural rubber 
in its fight for survival with the synthetic product. 


Miscellaneous 

Space does not permit a full review of current work and interests in many more 
crop and other plants, such as Brassica, Beta, tomato, vegetables, sugarcane, safflower, 
banana, medicinal plants, plants for sapogenins and ornamentals. 


The examples quoted above are mostly concerned with the collection of wild species 
and primitive forms in or near their centre of origin. No reference has been made to 
the great amount of exchange of seed and plant material between plant breeders, a 
process which is going on continuously and which deserves encouragement. 


4. RESEARCH FACILITIES IN REGION OF COLLECTION 


It has been the custom of plant collectors hitherto to take the material they have 
obtained back to their home station for multiplication and further study. Now there 
is an increasing tendency to consider the establishment of special facilities in the coun- 
try or region of collection, where the initial screening can be done under optimal 
conditions, preliminary observations made on the range of variability as it occurs in 
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the centre of origin, and promising lines multiplied to meet demands from many 
countries. PROFESSOR W. RUDORF has stated, with particular reference to Latin 
America, that the collection of wild species cannot be done efficiently during short 
expeditions. Plant collecting is a permanent task. Foreign scientists should work for 
at least two years at specially organized centres or institutes in the areas in which they 
would like to collect, and in association with scientists of the region who should take 
an active part in the expeditions. Plant exploration requires to be supported by 
ecological studies of the plant communities and the climatic and edaphic conditions 
of the collecting region and individual sites. 

PROFESSOR RUDORF proposes that evaluation of collections should be done within 
the regions of origin of a genus. Living collections should be maintained at these 
special Institutes, so that the material may continue to be exposed to the diseases and 
pests endemic in their region of origin, and to the same photoperiodic, thermal and 
thermo-periodic conditions. Thus the loss of many forms in a collection may be 
avoided. These institutes should also maintain living collections of the precious geno- 
types which are in process of elimination through extension of the cultivated area, 
or by overgrazing. This concentration of research in institutions located at appro- 
priate places within the gene centres does not, of course, preclude the subsequent in- 
troduction of species and their sub-units to other countries for use as genetic stocks in 
breeding programs. 

FAO has been proceeding along similar lines, in its negotiations with the Govern- 
ment of Turkey for the establishment of an International Plant Exploration Centre 
at Izmir. It is visualized that this would have a small permanent staff of botanists and 
ecologists thoroughly familiar with the flora and vegetation of the Mediterranean and 
Middle Eastern countries which are so important as centres of origin of a wide range 
of economic plants. In addition to conducting explorations on their own, these specia- 
lists would be available to help and advise scientists from other countries who would 
wish to use the Centre as their base of operations. Preliminary studies on collected 
material would be made on the plots of the Centre, and lines would be multiplied for 
further distribution. Laboratory, greenhouse, and plant space would also be available 
for visiting scientists. 

Associated with developments of this kind, it is highly desirable that national and 
international specialists and organizations concerned with plant ecology should 
arrange for the establishment of protected areas of natural vegetation. These should 
be located on representative types of vegetation and should be of a size sufficient to 
create a favourable microclimate within the regenerating plant cover to promote its 
optimal progression through its own characteristic stages of ecological succession. 
These would not only provide valuable areas for the preservation and subsequent 
collection of seeds or vegetative material of species at present available only in a very 
degraded condition, but would also facilitate long-term fundamental studies on the 
degree and nature of variability which occurs under natural conditions. 


5. INTERNATIONAL FUND 

The basic need in all the projects and plans discussed here is for the establishment 
of an International Fund to make it possible to carry out work which can be done so 
much better and more efficiently on an international basis. FAO is doing all it can 
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without additional funds or staff, to assist in planning expeditions, to keep everyone 
fully informed of current developments through its Plant Introduction Newsletter, to 
maintain an index of genetic stocks and crop varieties, and to publish sections from 
time to time (WHYTE and JULÉN, 26), to assemble and make available (in Plant In- 
troduction Newsletter No. 6) particulars of living collections and germ plasm banks 
for all crops throughout the world, and to establish close contacts with bodies con- 
cerned with the subject, e.g. the Wild Species and Primitive Forms Group of EUCAR- 
PIA. Further developments must await the generosity and understanding of Foun- 
dations, Scientific Societies and similar bodies. 


SAMENVATTING 
Internationale organisatie van exploratie en introductie van planten 


Er bestaat aanleiding de theorieën van N. 1. VAviLov te herzien op grond van nieuwe 
kennis omtrent de aard en de genetische achtergrond van de variabiliteit, de ecogene- 
tica, de archeologie van het milieu en dergelijke. 

Meer zorg dient te worden besteed aan de voorbereiding van expedities opdat de 
plantenzoekers beter ingelicht zijn over de ecologie van de soorten, die ze gaan ver- 
zamelen, en over de vegetatie-typen waarin ze waarschijnlijk voorkomen. De beste 
methoden dienen te worden ontwikkeld om monsters uit populaties te verzamelen 
opdat de planten-introductie-centra niet overstelpt worden met materiaal. 

De belangstelling richt zich overal op de soorten zowel als op de landen. Er is grote 
behoefte aan nieuw materiaal van voedergewassen, peulvruchten, granen, aardappels, 
koffie, cacao, rubber en andere gewassen. 

De tijd dringt, aangezien de genencentra bedreigd worden met uitputting door het 
opruimen van vegetaties en door „ontwikkeling”. 

Er is thans een tendens merkbaar om voorstellen te doen tot het vestigen van ver- 
zamelcentra in de oorsprongsgebieden zelf. 
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ABSTRACT 


Pea seeds were irradiated with neutrons. At least 9 mutations have been found. 
Probably all are recessive. Some are undesirable, some have practical value. At least 
one mutant represents a completely new characteristic. One mutation oecurred more 
than once. Three times two mutations occurred in one seed. 

Irradiation with neutrons is considered to present a valuable means in plant breeding. 


1. INTRODUCTION 


Since in 1928 MUrrER with Drosophila and STADLER with maize demonstrated that 
mutations can be artificially induced by X-rays, the number of mutagenic factors has 
increased considerably. Of course this is of great importance for plant breeding, 
because new mutants may be the starting-point for a breeding-project. Relatively very 
little work has been done in the Netherlands with neutrons as a factor for inducing 
mutations. This is the reason why in 1957 the writer started an experiment with 
neutrons in peas, his collaborator K. VERKERK in tomatoes. The object was a first 
orientation on the value of neutronic mutations for plant breeding. The results with 
tomatoes will be described in a separate publication (5). 


2. MATERIAL AND METHODS 


Originally 2 pure lines were used as starting-material: ‘Dominant’ and ‘Elfjespeul’. 
Both are my own selections. The former has all genetical characters in dominant 
position, as far as known. The latter is a sugar pea of very good quality, but with 
strongly developed strings. It has wrinkled cotyledons. 

Dry seeds of these lines were irradiated in the Kjeller reactor of the former “Joint 
Establishment for Nuclear Energy Research” (JENER) at Lillestrom, Norway. The 
intensity was 5.1 x 10*n/cm?/sec with a pile level of 0.5 kW. In a first series samples 
of 100 seeds were irradiated during O0, 4 or 8 hours, yielding 99, 70 or 63 germ plants 
of ‘Dominant’, 97, 47 or 20 germ plants of ‘Elfjespeul’, respectively. Evidently a 
considerable difference in resistance to radiation occurs. This is in harmony with 
LAMPRECHT (2), who established that wrinkled seeded cultivars are much more sensi- 
tive to X-rays than non wrinkled ones. GELIN ef al. (Ll) ascribe this difference to the 
lower water content of wrinkled seeds. 
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The growth of the germ plants was very poor and especially their roots were 
severely damaged. The plants did not react to gibberellic acid and 5 weeks from sowing 
all had died. 

Although the season was rather late for peas, a second series was irradiated, this 
time samples of 200 seeds of ‘Dominant’ during 0, 5, 1 or 2 hours respectively. These 
seeds were sown on 18th May 1957 and 4 weeks later 192, 164, 2 or 0 X,-plants could 
be transplanted. The growth of the plants from irradiated seeds was poor. All were 
quite abnormal in habit, chlorotic and resembled plants with virus diseases. This made 
it impossible to make reliable observations. The seed set was poor, doubtlessly also on 
account of the late season. Fourty two plants yielded enough seeds to be grown as 
individual Xs-lines. These were numbered N,, No, Ns. The 877 seeds of the 
remaining plants were put together as mass and indicated as N43. These N-numbers 
are used for reference only. For comparison $ lines of non-radiated ‘Dominant’ were 
grown. All Xs-plants, besides some semi-lethal mutants, grew quite well, so that the 
direct damage in X, has been only somatical. 


3. RESULTS 


The X,-motherplants of N, and N, had a fasciated stem. Among their 32 and 28 
X-plants respectively this characteristic-did not occur and hence does not represent 
a mutation. 

The average germination of the Xy-seeds was 90%. Seven lines germinated con- 
siderably worse, averaging 74% only. This might suggest the segregation of a lethal 
gene. In one case 21 Xg-lines with 4,101 seeds were studied and they germinated for 
99 %. This clearly opposes segregation of lethality. 

The above two negative cases have been mentioned for completeness’ sake. We 
shall now proceed to the positive cases. 


3.1. Mutations observed in Xs 


|. “Bushy”.— In the Xy-mass N43 one plant was found with a habit of growth 
which can best be indicated as “bushy”. Several branches arise from the bottom of the 
plant and these branches remain short and bear small leaves. The type resembles some- 
what LAMPRECHT's fruticosa (4). The X-plant yielded 3 seeds only, from which 2 X- 
plants were obtained, both typically bushy, but unfortunately not bearing seeds. It is 
the more unfortunate that this type was lost, since breeders are interested in heavily 
branching types with regard to mechanical harvesting for processing purposes. 


2. Emerald. Also in the X;-mass N43 one emerald plant was found, lacking the 
waxy coating on stems and leaves. This plant yielded 2 seeds only, from which 
2 Xy-plants were obtained, both emerald. Again, these plants did not produce any 
seeds. 


3. Chlorina.— In N35 41 Xy-plants out of 44 seeds were grown and 7 of these were 
yellow and died in a very early stage of growth. The ratio of 34 green : 7 yellow 
corresponds with the 3 : l-expectation of (31) : (10). 

All but one of the green X-plants yielded many seeds and could be grown as X3 
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which was done in the fall of 1958 immediately upon harvest. The seeds were sown 
in flats in a greenhouse. Results: 

13 lines (1,952 seeds, 1,922 plants) did not segregate; 

20 lines (3,580 seeds, 3,509 plants) segregated into: 

2,156 green : 753 yellow 

exp. (2,632) : (877) 

The ratio of 13 constant : 20 segregating lines corresponds well with the expected 
(11) : (22), but the ratio green : yellow in the segregating lines shows a considerable 
deficiency of recessives. Most probably this points to lethality in an early embryonic 
stage. Anyhow, the conclusion is justified that the recessive “chlorina” has mutated. 


4. Dwarf. The Xs Ns consisted of 28 plants and 3 of these were so underdevel- 
oped that the indication “dwarf” is still much too strong. The original Dominant’ may 
reach a stem length of more than 2 meter, but the mutants became 4 or 5 cm long and 
succumbed without having flowered. A fall-sown X3 of 21 normal (long) Xs-plants 
yielded the following results: 

13 lines (2,558 seeds, 2,532 plants) did not segregate; 

8 lines (1,553 seeds, 1,529 plants) segregated into: 
1,159 long : 370 dwarf 

exp. (1,147) (382) 

The ratio 13 constant : 8 segregating does not correspond with the expected 
(7) : (14), actual deviation divided by standard deviation being 4.0. However, in the 
segregating lines the 3 : l-expectation is closely approached. 

An attempt was made to grow the dwarfs into seed by nursing them carefully. 
Flower buds appeared, but no fruits were formed. Fortunately, the dwarfs reacted 
well to a treatment with gibberellic acid and reached stem-lengths of about 30 cm. 
These plants produced fruits and seeds so that the mutant has been fixed. 


5. Spoon-leaf.— The original ‘Dominant’ cultivar has broad and sessile stipules 
like most cultivars. The mutant which has been called “spoon-leaf” has narrow and 
elliptical stipules with a petiole which may reach the same length as the lamina. See 
figures l and 2. 

Closer observation of germ plants has shown that the lowest five nodes have no 
stipules at all, while the sixth (or sometimes seventh) and following nodes bear the 
spoon-leaves. Quite remarkably the spoon-leaf characteristic is always accompanied 
by flowers in which pistil and stamens are not covered by the keel so that the flowers 
are open. 

The mutation has occurred at least twice and probably more often. It was found 
in the X,-line N3 and also in no less than 13 plants of the mass N43. Since this mass is 
a mixture of lines with 16 or fewer seeds, the 13 mutants could belong to one line and 
represent one mutation, but this does not sound very probable. 

In N3 with 19 seeds and 18 plants there were 5 normal : 13 spoon-leaf. This would 
suggest a dominant mutation which has been overlooked in X,. Of course this is 
possibly due to the abnormal growth of the plants in X,; however, it is improbable, 
because the mutants in question are very conspicuous. Extensive studies in X; and X4 
did not confirm the dominant character of spoon-leaf, but nevertheless gave partly 
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quite puzzling results. For the moment the most plausible explanation is that spoon- 
leaf is a monogenic recessive, but that the open flowers give rise to frequent spon- 
taneous crossing which disturbs the results. Some years must elapse before this expla- 
nation will be tested in carefully isolated material. During the very abnormally hot 
and dry summer of 1959 all isolated flowers failed to set seed. We shall summarize 
the experimental data on the assumption that spontaneous crossing occurred among 
the open flowers of the spoon-leaf mutants. 

Out of the 13 mutants from the mass, 12 yielded seed which was fall-sown as an X3. 
Two Xs-lines with 3 plants each bred true, while the remaining 10 lines gave 100 
normal : 203 spoon-leaf. These normals are supposed to be the result of spontaneous 
crossing. 

The X3 of N3 yielded the following results: 

5 normal X,’s segregated into 245 normal: 95 spoon-leaf, expected as (255) : (85) 
according to 3 : |. 

3 spoon-leaf X,’s bred true with 8, 6 and 30 plants respectively. 

9 spoon-leaf X‚’s “segregated”’ into 38 normal : 160 spoon-leaf, which resembles 

1:3 according to (49) : (149). The 38 normals could also have arisen from 
spontaneous crossing. 


Two Xg-lines were studied in X, as completely as possible. Both came from normal 
Xa’s which had segregated in Xg in normal : spoon-leaf as 58:30 and 56:27 respec- 
tively. The Xy-results of the former are summarized as follows: 

12 normal X3’s bred true (1,084 plants); 

44 normal X3's segregated into: 

2,983 normal : 1,003 spoon-leaf 

exp. (2,990) (996) 

The ratio of 12 constant : 44 segregating is theoretically (19) : (37). The deviation 
is rather large, but tolerable, actual deviation divided by standard deviation being 2.0. 
Therefore, these Xy-data suggest monohybrid recessive inheritance of spoon-leaf. 
However, continuing the X,-data, we have: 

4 spoon-leaf X3’s bred true (55 plants); 

25 spoon-leaf X3's gave 245 normal : 1,100 spoon-leaf, the percentage of normal 

varying from 7-35 % in different lines. 

Again, the most simple explanation is that the 245 normals are the ze of spon- 
taneous crossing. 


The second X4 was grown primarily because in its X3 an acacia mutant appeared 
for the first time. This point will be discussed in 3.2. For the moment the data with 
regard to the spoon-leaf characteristic will be summarized: 

18 normal X3’s bred true (1,050 plants); 

32 normal X3’s segregated into: 

1,597 normal : 543 spoon-leaf 

exp. (1,605) (535) 

The ratio 18 constant : 32 segregating closely corresponds to the expected (17):(33) 
and the data as a whole point to monogenic recessive inheritance of spoon-leaf. Out 
of 23 spoon-leaf X3’s, 4 bred true with 134 plants and 19 gave 86 normal : 725 spoon- 
leaf. Again, the normals are supposed to be the result of spontaneous crossing. 
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Since in the X4 just discussed acacia also segregated, some data could be collected 
to study the interrelation between spoon-leaf and acacia. Twenty normal-tendril X3’s 
segregated in X, for both characters as follows: 


normal normal spoon-leaf _spoon-leaf 
tendril acacia tendril acacia 
674 : 307 ; 213 56 
exp. (709) : (272) 8 (238) dl (91) 


These data hint to linkage, of which the percentage of crossing-over would approach 
38 %. However, the material at hand is not suited to give definite proof, so that further 
confirmation is necessary. 

The material as a whole certainly suggests monogenic recessive inheritance of 
spoon-leaf, with spontaneous crossing of the open flowers of spoon-leaf plants 
frequently disturbing the breeding true of spoon-leaf. However, further proof is 
needed and therefore no genetical symbol for spoon-leaf is proposed for the moment. 


6. Uncoloured leaf-axil.— The original ‘Dominant’ has coloured leaf-axils. In 
Na, with 19 seeds and 18 plants, 3 plants with a colourless leaf-axil occurred. Since the 
flowers of these plants were purple like in ‘Dominant’, the mutation refers to the well 
known gene d. The Xs-ratio of 15 coloured : 3 uncoloured fits a 3: l-expectation of 
(14): (4). 

In X3 2 uncoloured X’s bred true (200 plants). Out of 11 coloured X9's: 

6 bred true (499 plants); 
5 segregated into: 
237 coloured : 75 uncoloured 
exp. (234) (78) 

The ratio 6 constant : 5 segregating is expected to be (4):(7). The Xg-data are in 

harmony with monogenic segregation. 


7. Early flowering. ‘Dominant’ is a very late flowering cultivar, forming its 
first flowers from the 16th node. In Ns — where according to point 4 dwarfs mutated — 
2 plants were found which flowered considerably earlier than ‘Dominant’, the differ- 
ence being estimated to be at least one week. Both plants yielded a sufficient number 
of seeds and could be grown into Xs. None of these Xg-lines segregated dwarfs. Ob- 
servations of the flowering time in comparison with ‘Dominant’ yielded the following 
data: 

‘Dominant’ flowered 16/6/59 — 22/6/59 — 7 days, 
out of 16th node. 
One X-line flowered 4/6/59 — 10/6/59 — 7 days, 
out of 10th node (53 plants). 
One Xg-line flowered 1/6/59 — 22/6/59 — 22 days, 
out of several nodes averaging the 14th (81 plants). 

Evidently the first X-line is constant for early flowering. The difference with 
‘Dominant’ is 12 days and this is certainly considerable. It is also important from a 
practical point of view, since ‘Dominant’ is frequently used in crosses and the late 
flowering is a drawback. Probably ‘Dominant’ can be replaced by the new line. 

The second Xg-line was not at all constant and this opposes the recessive nature of 
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early flowering. Of course the data at hand are far too meagre to be of value for ob- 
taining genetical insight in such a complicated character as flowering-time. However, 
the mutation in itself is clear enough and it is noteworthy that the two mutations, 
dwarf and early flowering, have occurred in one seed. Since in the X3 the two mutants 
did not segregate simultaneously, their mutual relationship could not be studied. 


3.2. Mutations observed in X3 


Two mutations have been observed for the first time in X3. This has led to the concept 
that the radiation has directly induced a mutation of mutagenic genes, with as a 
consequence the indirect induction of mutation of other genes. Full details have been 
discussed in another publication (6), so that for the moment a summary will do. 


L. Chlorina.— In the X; of N,, according to point 6 in 3.1 studied for colourless 
leaf-axil, chlorina germ plants were observed which in X4 behaved as recessives, how- 
ever with a strong deficiency of chlorina, probably due to lethality of chlorina in an 
early embryonic stage. This is similar to the chlorina mutant as described in point 
3 of 3.1, which mutant has arisen in another X,, however. The mutations of the 
mutagenic gene for chlorina and of colourless leaf-axil have occurred in one and the 
same X,. 


2. Acacia. The well known recessive characteristic of absence of leaf-tendrils, 
indicated as ““acacia”’, was observed in the X3 of N3, studied for spoon-leaf (see point 5 
in 3.1). In X, it behaved as a simple recessive characteristic. In this case the mutations 
of the mutagenic gene for acacia and of spoon-leaf have occurred in one and the same 
X. 


4. DISCUSSION 


The mutants which were described in the foregoing, are: bushy, emerald, chlorina, 
dwarf, spoon-leaf, uncoloured leaf-axil, early flowering, mutagenic gene for chlorina, 
mutagenic gene for acacia. Most of these characteristics are already known in peas. 
This is doubtful for bushy and for dwarf, although they resemble characteristics 
described by LAMPRECHT (3). Our chlorina differs from LAMPRECHT'’s in being lethal. 
Spoon-leaf is a completely new characteristic, hitherto unknown in peas. The same 
holds true for the possible mutagenic genes. 

From the breeder’s standpoint some of the mutants are decidedly undesirable. 
Bushy might have been valuable, if it had been maintained. Early flowering is certainly 
very valuable. Considering that the primary object of the investigations was a first 
orientation, the results are promising. Anyhow it is quite easy to obtain a number of 
mutants and of course the chance to find valuable mutants increases when the work 
is done on a larger scale. 

It is impossible to indicate the percentage of mutations accurately, but considering 
that among 42 Xs-lines 7 mutants were found, a minimum percentage of about 17 
can be accepted. 

Some observations of general interest are that spoon-leaf has occurred more than 
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Fi. 1. THE LEFT PLANT REPRESENTS THE ORIGINAL CULTIVAR ‘DOMINANT’ WITH BROAD AND SESSILE 
STIPULES. THE RIGHT PLANT IS A “\SPOON-LEAF'’ MUTANT WITH ELLIPTICAL PETIOLATE STIPULES 


Fig. 2. NORMAL STIPULES (LEFT) AND ““SPOON-LEAF'’ STIPULES (RIGHT) IN DETAIL 


NEUTRONIC MUTATIONS IN PEAS 


once, while in no less than 3 cases 2 mutations occurred in one seed, namely dwarf 


and early flowering, spoon-leaf and mutagenic gene for acacia, uncoloured leaf-axil 
and mutagenic gene for chlorina. 
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SAMENVATTING 


Neutronenmutaties bij erwten 


Teneinde ervaring op te doen over de waarde van neutronen voor het verkrijgen 
van mutanten, werden droge zaden van erwten bestraald met een intensiteit van 5.1 X 
x 10*n/em?/sec; een bestralingsduur van slechts } uur bleek toelaatbaar. In X, werden 
de navolgende mutanten gevonden, waarschijnlijk alle recessief: 


1. “Bossig’’, zeer sterk vertakkende planten. 

2. Wasloos, zonder een wasovertrek op stengel en blad. 

3. Chlorina, gele kiemplanten, die spoedig afsterven. 

4. Dwergen, uiterst kleine planten, die zonder speciale behandeling geen zaad zetten; 

na toediening van gibberellazuur strekte de stengel en had zaadzetting plaats. 

5. “Lepelblad”, steunbladen die smal elliptisch en gesteeld zijn, gelijkend op een 
lepel; steeds gepaard met “open bloemen”, waarin stamper en meeldraden vrij 
liggen van de kiel. 

. Ongekleurde bladoksel. 

7. Vroege bloei, 12 dagen eerder dan het uitgangsras, uit de 10e stengelknoop in 

plaats van uit de 16e. 


ON 


Twee mutanten, chlorina (in ander materiaal dan sub 3) en acaciablad, werden pas 
in de X3 voor het eerst gevonden. Verondersteld is, dat zij ontstaan zijn na mutatie van 
“mutagene genen”. 

Sommige der mutanten zijn zeker waardevol vanuit een veredelingsstandpunt en 
als eerste oriëntatie zijn de resultaten hoopvol. Eén mutatie is vaker dan eens opge- 
treden. Driemaal hebben 2 mutaties in 1 zaad plaats gehad. 
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ABSTRACT 


In 450 seeds of the tomato variety Ailsa Craig irradiated with neutrons for four 
hours, 43 recessive mutants were found in 50 progenies, 17 progenies were without 
mutants, 24 progenies had 1 mutant each, 8 progenies had 2 mutants each and 1 
progeny had 3 mutants. Many of these mutants can be recognized in an early stage, 
so that it is easy to use them for studies in heredity. 

Neutronic radiation is an easy method for producing many mutants. 


INTRODUCTION 


Simultaneously with peas and by using the same method as described by WELLEN- 
SIEK (2) tomato seeds of the variety Ailsa Craig were irradiated with neutrons 
(5.1 x 10®n/em?sec, pile level 0.5 kW) to obtain a first orientation on the value of 
neutron-induced mutations in plant breeding. Radiation times of 0, 4 and 8 hours 
were applied and the percentages of germination after 7, 8, 9 and 12 days from sowing 
are given in table 1. This table shows that after radiation the rapidity of germination 
decreases greatly and in addition that the total percentage of germination is lower as 
the duration of radiation is increased. 


TABLE 1. PERCENTAGES OF GERMINATION AFTER 7, 8, 9 AND 12 DAYS FROM 
SOWING, WITH DIFFERENT DURATIONS OF RADIATION 


Days after sowing | 7 | 8 | 9 | 12 

| 
O hours radiation . . 72 87 | 89 | 89 
4 hours radiation . . 30 70 771 83 
8 hours radiation . . | 8 | 15 31 


Many roots of plants derived from irradiated seeds were brown and developed 
poorly. In some cases the stems formed new roots and the plants could be kept alive. 

Presumably this is caused by the direct effect of the radiation on the root tissue. No 
plants were obtained from the seeds which were radiated for 8 hours, all of them died 
in the seedling stage. 

Some 450 seeds of the 4 hour-group gave 160 plants; most of them were abnormal, 
malformed, growth-inhibited, with turned and curled leaves. Many of these plants 
were also sterile, probably as a result of misshapen flowers. The abnormalities are con- 
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sidered to result from a direct effect on the embryo as well. In the end approximately 
5,000 seeds were obtained from 50 plants, that is about one tenth of the normal seed yield 
of 50 plants. From these 50 progenies some 2,000 X-plants were grown to detect 
segregation of mutants. From the Xg-generation some 10,000 seedlings were observed 
until they were 6 weeks old. They contained mutants that were lagging behind in 
growth and had been overlooked in the X,-generation. 


CLASSIFICATION OF THE MUTANTS 


It is not possible to classify the mutants accurately; however, it is useful to make an 
attempt in this direction. 

For this purpose we followed two principles. First of all the mutants that produced 
seeds were taken together; they were the most normal ones. Then a group of more or 
less normal-growing mutants were taken which in consequence of some form of sterility 
did not yield seeds. Subsequently we took mutants that remained shorter than 50 cm 
and finally mutants which died in the seedling stage at the age of two to three weeks. 


In this way the following four groups were obtained: 


Group [Mutants that produced seeds, although their yield was mostly much 
smaller than that of the control plants; 

Group IL Mutants of a more or less normal growth, but being sterile; 

Group III Mutants that remained smaller than 50 cm; these generally formed no 
flowers; 

Group IV Mutants that died in the seedling stage, within two or three weeks. 

Only mutants of the first group can be obtained pure from seeds; mutants of the 
other groups can be reproduced only by segregation in the offspring of a heterozygous 
plant. 


Another classification is based on the stage in which the mutant can be recognized 
for the first time. This led to the following division: 


Class 1 Mutants recognizable in the seedling stage, with cotyledons unfolded; 

Class 2 Mutants recognizable in the seedling stage as soon as the first real leaves are 
clearly visible; 

Class 3 Mutants recognizable about one month after sowing, before planting; 

Class 4 Mutants recognizable in the growing, flowering and fruit setting stage of the 
first cluster. 

A separate group with a greatly aberrant leaf colour could be distinguished. And 
last but not least one mutant produced an earlier yield than the controls. This earliness 
was very difficult to detect, however. 


DESCRIPTION OF THE MUTANTS 


In table 2 the total results are summarized. Below table 2 some more details of the 
mutants are given. The numbers are the field-numbers of 1958 and they are given for 
reference. 


207 


K. VERKERK 


TABLE 2. GROUP, NUMBER AND DESCRIPTION OF THE MUTANTS, WITH SEGREGATION, DIFFERENCES FROM 
EXPECTATIONS DIVIDED BY STANDARD DEVIATION (D/m), AND CLASS. FOR DESCRIPTION OF THE 
GROUP AND CLASS SEE PAGE 217 


Reference lk Class 
Group Description Rec: Doms 0 ennen eer 
number 1 2 | 6 | 4 
| | 
L | 2085 | Nartow leaf We ER ME + 
208 CrEEPIA geeen kee Ee ei 0.44 sie 
210a Dark-green leaves . ... ED 1.43 in 
213 Unripe fruit yellowish- white | De es 5215 0.00 SI 
215a Leaves died fullgrown, but early . … SED 0.79 + 
220 Compact, early . .. ee 2680 0.60 + 
2224 Marble mottling of Ea dendert te 3:10 0.17 + | 
225 Yellowestriped an tip nn 15250 0.33 sik 
|_241 Weeping …… ERMEER FD pe ED + 
242 Yellowish- BEER HAES Er rde rv LOOS OF/ONNS: 
246 Lagging plants. . . … k DS 0.00 - 
255a Thin plants with feierden are: S In 
255 Thin plants; normal leaf colour, 4:23 1.20 + 
| small leaflets 
260 Leaves light-green with yellow spots 21:93 1.63 En 
269 Compacte AN AAE EEN EN kes 0.00 + 
u 201 Pollen scarce, no germination .. . 19:64 0.45 + 
204 INOrpollen TRE et SIA) 1.50 + 
207a Thin plant; rate holen nej Sels 0.00 | + 
2108 Lagging plants; large clusters; pollen 
| SCATCCMNEN RT AE 10553 1.69 + 
per 2iSg Brown stripes on anthers rl 7:20 0.11 BIE 
219 Yellow and brown spots on laven 
SMAINCITSters mn + 
224 Pollen 4: 9 0.50 ij 
230 Pollen scarce. . glen, 0.48 ar 
237 | Pollen scarce. ID rt ES 4: 6 1.07 zin 
249« NOmpollen 10:20 1.09 + 
re aj 4:10 0.31 + 
252 Pollen scarce. . . ISS 2.10 + 
254 486 1.07 zie 
257 Small leaflets; very large clusters . 122:1,091 6.00 | — 
263 8:29 0.29 ale 
264 11:34 0.09 Ein 
|_265 4; 3 1.88 + 
267 78 1.91 ia 
| 
EDtv 17205 Bushy plant, about 30 cm high . . . je 
2078 Except cotyledons, yellowish white . 34:89 0.81 L 
232 RS Wintersplan ss DIEST 0.39 | | En 
| 268a Stronelvscnspecl ne SS 0.00 
|__2685 Markedlyalaesno ne JE 
Le woupemdenluxerdwartamnnenn 17:83 1.80 
IV 2228 | Yellow cotyledons .... ee ES 0.14 | + 
| 2328 Pale-green to greyish votrikdens 20 0.67 | + 
|_2496 Light-green cotyledons ...... 10:43 1.05 | + 
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Group [. Mutants producing seeds 


These are mutants producing fruits with seeds, although the size of fruit and number 
of seeds are mostly smaller than in the control plants and sometimes even abnormally 
small. 


208« All leaflets were smaller in size than those of the controls and the leaves were 
turned and curled. 

2088 In the seedling stage a difference in thickness between the hypocotyl and the 
epicotyl was soon visible; this influenced the firmness of the stems and caused 
the seedlings to fall over. Later on the stems showed turns at various places 
which caused them to bend down, thus giving the whole plant a creeping habit 
(fg. I). 

210« Plants with strikingly dark-green leaves, readily observable in the full-grown 
stage, but difficult to detect in young plants. The leaves were some 10 % thicker 
and had about 15 % more chlorophyll than the control plants on a corresponding 
leaf-area. 

We do not know as yet whether this mutant has an advantage under special 
growing conditions. 

213 Unripe fruits were yellowish white in colour instead of the normal green. The 
ripe fruits were normal-red. The leaves were light-green with small yellow spots 
and had less chlorophyll than normal. The cotyledons were somewhat shorter 
than those of the controls while they turned yellow sooner. 

215a The leaves of the stems shrivelled abnormally early; however, they remained 
on the plant, evidently because no corky separation layer was formed. The 
plants always had young green leaves. The cotyledons of this mutant ae turned 
yellow sooner than those of the controls. 

220 Compact plants with small early ripening fruits and small light-green thin 
leaves with less chlorophyll than the controls. The distance between two clusters 
was 13 cm against 24 cm in the normal plants; the seeds were about 2/3rd in 
weight as against normal. 

222x About six weeks after sowing a marble mottling of the leaves became visible; 
it disappeared again after some weeks. 

225 In the tips of the plants there were yellow stripes on the leaflets; they disappeared 
later on. The leaves remained smaller but looked diseased. 

241 A weeping form; the leaflets and the entire leaves were bent downwards while 
the tips sometimes died early. 

242 Cotyledons yellowish green; the first leaves also were yellowish green, the later 
leaves becoming more and more normal in colour. The plants grew slower than 
the controls. 

246 Slow growing plants lagging behind, with smaller leaves, fruits and seeds. 

255 Thin plants with a relatively small leaf area, of light-green colour («) or of a 
normal green colour (8) and an abnormally large number of leaflets. Both had 
slightly elongated fruits of about half the weight of the control-fruits. 

260 Leaves light-green with yellow spots, easily sun-scorched ; only half of the chloro- 
phyll of the controls. The seedlings soon showed yellow cotyledons. Fruit- 
weight only 2/3rd of the controls. 
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269 Compact plant, found first in the X3-generations. Leaves light-green, resembling 
number 220. There is not enough evidence to say, however, whether it is the 
same mutant. 


Group II. Mutants of a more or less normal growth, but not producing seeds 


The mutants of this group showed a reasonable growth and formed flowers; how- 
ever, there was no fruit set and hence no seeds were produced. In nearly all these 
mutants the flowers were malformed, the anthers were curled or had brown stripes 
or the styles were long. Only a small quantity of pollen was produced that often did 
not germinate, or no pollen at all was formed. In some cases the clusters, like the whole 
plant, showed a very vigorous growth, a phenomenon which often occurs in sterile 
plants. 

Apart from these there were some mutants in this group that could be recognized 
much earlier than in the first flower-stage. These mutants will be described here: 

207« Cotyledons half the size of the controls; leaves less divided into leaflets; thin 
plants with fertile pollen. 

2108 Slow growing plants with very large clusters, producing hardly any pollen. In 
the first seedling stage they were much smaller than the controls. 

219 Backward plants with yellow and brown spots in the small leaves, giving a 
diseased impression. Small clusters and flowers. 

257 Leaflets smaller than normal, clusters very large. This mutant was found to 
segregate as 1 out of 8 plants instead of 1 out of 4. The cause of this is still un- 
known. The X3-generation showed that 25 out of 39 X,-progenies segregated and 
14 did not, which is within the range of expectation. 

The rest of the mutants of this group are listed in table 2. 


Group HI. Mutants that remained alive for at least two months; however, they did not 
flower. 

205 Slow growing plants with yellow spots on the leaves which were curled. Later the 
plants became bushy and about 30 cm long (fig. 1). Among them was one longer 
plant with the same characteristics in the leaves. In the X} 4 out of 6 populations 
segregated, precisely according the expected 2:3 ratio. 

2075 Plants with purple stems through lack of chlorophyll, easy to recognize in the 
seedling stage. Cotyledons and tips of the first real leaves green, the other leaves 
and some later leaves (the latter especially at the tips) with small green dots. 
The rest of the plants were whitish yellow. Flowers reached the bud stage, but 
did not develop further. 

232 So-called “winter plants”, resembling plants grown in midwinter in short days 
and relatively too high temperatures. Leaves were small and yellowish; clusters 
were small while buds dropped early after shrivelling away. 

268x« Plants heavily crisped; leaf-area greatly reduced. Flower formation but no 
flowers. Perhaps in less light leaf area not so much reduced (fig. 1). 

2688 Very slow growing plants, not longer than about 10 cm; nodes abnormally 
short. 

279 Called “super de luxe dwarf”, not longer than 4-6 cm, with comparatively 
strongly developed side-shoots. Stems curled or bent so that the tip of the plant 
was hard to find (fig. 1). 
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Group IV. Mutants that died within two or three weeks 


Some mutants did not develop further than to the stage of unfolding cotyledons 

and then died. 

2225 Yellow cotyledons. 

3328 Pale-green to greyish cotyledons. 
2495 Light-green cotyledons. 

It is remarkable that these three mutants all were secondary, originating from one 
seed, in which another mutant had been found already. This probably means that if a 
seed is greatly influenced by radiation there is a great chance that among the resulting 
mutants a comparatively large number are lethal. 


Earliness 


Table 2 gives the list of mutants found, except one probable mutant for earliness. 
It is very difficult to find early yielding plants in a progeny of the early variety Ailsa 
Craig; however, the following number was found: 
249y 8 early plants on 24 normals, D/m — 0.00. 

An other mutant, 220 (see page 219), had a much smaller and earlier yield than the 
control; however, this was due to the compact growing habit of the mutant. 


DISCUSSION 


Of the 450 seeds treated for four hours, 50 gave a progeny. These progenies were 
examined for mutants and so far the following results were obtained: 

17 progenies contained no mutants, 

24 progenies had 1 mutant each (single), 

8 progenies had 2 mutants each («, 3, double), 
l progeny had 3 mutants («, B, and y). 

So there are a great deal more progenies that produced mutants than such that did 
not. In 50 progenies a total of 43 mutants was found, all of them recessive. 

One of the most frequent but complicated phenomena in tomato growing is the 
occurrence of sterility. Eighteen independent genes for male sterility are already 
known and Rick and BUTLER (1) expect that many more will be detected within a 
short time. 

In our investigations 14 out of 43 mutants suggested the occurrence of sterility in 
various degrees; perhaps this is male sterility. We do not know whether there are 
identical mutants within the 14 mentioned above, nor whether they contain the 18 
genes described in the literature. However, considering this frequency of sterility, it is 
not surprizing that 1/3rd of the induced mutations show sterility as only abnormality. 

The number of single and double mutations belonging to the various groups is 
given in table 3. This table suggests that mostly one mutation per seed (te. single) 
results in more or less normal plants that do not produce seed. 

The groups 1, II and IV, in this order, have relatively more double mutations. In 
the same order the mutants are more abnormal. This suggests that the more mutants 
are derived from a seed, the greater the chance of getting more poor mutants. Whether 
the same holds true also for seeds which are subjected to longer radiations is still under 
investigation. It may be valid also for stronger radiations, and, if longer and stronger 
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radiations might affect the production of mutants in this way it could be of great 
practical value. 


TABLE 3. NUMBER OF “SINGLE” OR “DOUBLE” 
MUTATIONS IN THE RESPECTIVE GROUPS 


Single Double 
Group nn 8 7 
GEOUP FE: 14 4 
Groups lm 2 4 
Group Veem: 0 3 


Fifteen mutants showed abnormalities in leaf colour. 

It cannot be said as yet whether there are valuable mutations among those found in 
our experiments, but certainly part of them may help to make the chromosome map 
of the tomato (n — 12) more complete. 

With this in mind the classification in table 2 on the right is given. From this table 
it follows that 12 mutants can be recognized in an early leaf-stage, so within 2-3 
weeks from sowing; 14 can be detected before planting, 5-6 weeks from sowing, and 
16 at the appearance of the first cluster, somehow (compare pag. 217). Therefore some 
60 % of the mutants can be recognized within 6 weeks of growing and 30 % even within 
3 weeks. This is very convenient for studies in heredity. 

Apart from the 43 mutations found in this material there are undoubtedly others 
that could not be detected because of their small effect on the growth of the plants. 
For instance there are mutations exhibiting differences in fruit size and yield capacity 
from the control. 

In conclusion it can be stated that the results obtained in our experiments are pro- 
mising for the induction of comparatively large numbers of mutants through neutronic 
radiation. 

SAMENVATTING 


Mutaties bij tomaten verkregen door neutronenbestraling 


Van het tomatenras Ailsa Craig zijn zaden gedurende 4 of 8 uur met neutronen 
bestraald. Acht uur bleek te lang te zijn geweest en alle kiemplanten stierven vroeg- 
tijdig. Van 450 zaden die vier uur zijn bestraald werden 50 nakomelingschappen ver- 
kregen en onderzocht. In 17 van deze 50 nakomelingschappen zijn geen mutaties ge- 
vonden, in 24 nakomelingschappen elk 1 mutatie, in 8 nakomelingschappen elk 2 mu- 
taties, en in l nakomelingschap zijn zelfs 3 mutaties gevonden, zodat tezamen 43 mu- 
taties zijn waargenomen. Alle gevonden mutaties zijn enkelvoudig recessief. Ongeveer 
1/3 gaf als afwijking van de controle steriliteit te zien, 3 mutanten stierven in het kiem- 
plantstadium en 15 vertoonden bladkleurafwijkingen, meestal bestaande in licht- 
groen blad of gele vlekken. Eén met donkergroen blad vertoonde een normale groei, 
terwijl de meeste mutanten in groei sterk achterbleven bij de controle. Het grote aan- 
tal gevonden mutanten wettigt deze methode om op grote schaal mutanten te ver- 
krijgen. 
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FIG. |. CONTROL TOMATO PLANT (UPPER LEFT) AND MUTANTS 205 (UPPER RIGHT, POT DIAMETER 20 
CM), 279 AND 268. 
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ABSTRACT 


Atthestart of a breeding programme mostly a cross is made between the resistant 
plant and a plant belonging to a commercial variety of the crop in question. If both 
belong to the same species the exchange of genes can be easily brought about. If, how- 
ever, the resistance is present only in other more distantly related species, difficulties 
mostly arise. 

In consequence of successful breeding work races of the parasite able to break down 
the resistance can come to the fore. It is of the utmost importance to combine the genes 
for resistance from all available sources so as to produce barriers that cannot be broken 
down or at least only with great difficulty. Therefore not only the easy line of intra- 
specific crossing should be followed but also the much more difficult one of inter- 
specific and even of intergeneric crossing. 

As in most cases resistance is dominant, the method of repeated backcrossing can 
be used with great profit. In each step of the backcross programme large numbers of 
seedlings should be raised, selecting very carefully the parent material that will be 
used for the next step, even if this selection takes several years. As a consequence the 
number of subsequent backcrosses can be restricted and the danger of loss of valuable 
genes for resistance and for other characters is very much reduced. 

If resistance is recessive the backcross method cannot be applied to its full extent. 
The F, is susceptible and by inbreeding more or less resistant seedlings can be ob- 
tained. If the resistant source is a wild species this program of outbreeding followed by 
inbreeding has to be repeated and progress will be very slow. 

A point of major importance is the availability of quick methods for mass-testing. 
These methods need not be more reliable than is demanded by the kind of material 
that has to be tested. 


PROBLEMS INVOLVED IN BREEDING FOR RESISTANCE 


The discovery of resistance, with a few exceptions, is the beginning of a breeding 
programme. The objective of such a programme is to combine resistance with a com- 
plex of characters that make a plant suitable for use as a crop. 

The damage caused by a disease is seldom so severe that any new variety is accepta- 


* Lecture read at the A-course “Resistance in agriculture’, 12-14 Jan. 1959, organised by the Royal 
Society of Agricultural Science and the Netherlands Society of Graduates in Agriculture at Wage- 
ningen. 
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ble provided it is more or less resistant. This happened, when some years ago a source 
of resistance against the potato sickness (Heterodera rostochiensis) was found in a 
variety of Solanum tuberosum subsp. andigena. The growers had suggested that if a 
resistant variety could be developed producing 70% of the normal yield and having 
other inferior qualities, they would be only too glad, on condition that it was allowed 
to be grown on eelworm infested soils. After some years of breeding, however, the 
hybrid material looks so favourable that at the moment normal demands can be made. 


It is now taken for granted that resistance is heritable and that it can be combined 
with all sorts of other desired properties. 


In the first decades of this century this question was very much controversial. In 
that period the existence of physiological races was not yet generally accepted and as a 
consequence discrepancies that could not be explained arose in genetical investigations. 
The growing conception of the fundamentals of genetics and the realization that these 
principles also hold true for lower organisms have greatly contributed to a clear under- 
standing of what in this connection is called adaptation, but which should better be 
called pre-adaptation. 


The fact that resistance is governed by genes does not imply that in principle it can 
be combined with any other character. There are cases where a gene, apart from 
resistance, also governs a number of other properties (pleiotropism), among which 
are some that are undesirable from an agricultural point of view. Such a tie-up cannot 
be broken. For instance it seems that the genes determining the degree of field- 
resistance against Phytophthora infestans in potatoes also influence the ripening time 
of the crop, and even to such an extent that the highest degree of resistance apparently 
cannot be combined with an early time of ripening. The example of the resistance 
of coloured onions against Colletotrichum circinans (WALKER, 11) is well-known. It 
is not possible to develop white onions with resistance since the presence of phenoles 
involved in the formation of pigments causes the resistance. 


In other cases the coincidence of resistance with other undesirable properties is 
caused by the fact that the two genes governing these characters lie very close together 
in the chromosome (linkage). This alliance can be broken albeit with great difficulty. 
It is almost impossible to decide between the two possibilities unless positive proof 
of linkage is produced or physiological interdependence of both properties is obvious. 
If the breeder is aiming at a very important recombination of characters he should 
be optimistic, suppose linkage to be the basis of his programme and take great pains 
to break it. 


In using primitive or wild resistant material as parents many breeders are vaguely 
afraid that the resistance is linked with “wild” characters and that they would not be 
able to get rid of them. However, the more this wild material is studied the more the 
fear seems groundless. Perhaps it originates in the idea that something good involves 
a compensation in some poor qualities. 


The genes for resistance enable the plant to develop properties that prevent the 
parasite becoming injurious. The impediments are of a widely different nature and it 
is small wonder that the genetical background of resistance is highly variable in struc- 
ture. The heredity of the resistance obeys exactly the same laws as that of any other 
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property. There would be no sense in entering into details, if the possibility of breeding 
for resistance was not so closely connected with the inheritance. 


It may be pointed out here that the concept of resistance can also be applied to the 
parasite: it can be said that the parasite is resistant to the host plant if it succeeds in 
using this plant as a substratum. This resistance (or virulence) also possesses a genetical 
background. 


For the exchange of genes between two plants a cross must be made first, in our 
case a cross between a resistant parent and a plant of a valuable cultivated variety. 
If the parents belong to the same species this exchange can be easily effected. However, 
if they belong to different species, difficulties may arise. 


The results of interspecific crosses are widely different, along with the genera to 
which they belong. There are genera like Citrus and Solanum (section Tuberarium) of 
which nearly all species can be intercrossed without great difficulties; however, in most 
genera of Ranunculaceae it is hardly possible to get species hybrids. 


The F, of some interspecific crosses is sufficiently fertile to use the plants in further 
breeding procedures, in other cases the hybrids are completely sterile. In the latter 
cases chromosome-doubling of the F,‚ can often produce fertile material for the con- 
tinuation of the work. It is even possible in the intergeneric hybrid Secale cereale x 
Triticum vulgare to obtain a fertile hybrid in this way. 

Sometimes seed is obtained which does not germinate. In such cases the cultivation 
of excised embryos may be successful. 

If the cross does not succeed at all, favourable results may be obtained by doubling 
the number of chromosomes of one of the parents or of both. There are also cases 
when an intermediate cross with a third species can bridge the gap. 


The following example illustrates the way in which the obstacles have been removed 
in a special case. The Mexican wild species S. stoloniferum possesses valuable genes 
for resistance to Phytophthora and to virus Y. It can be crossed to S. tuberosum only 
with great difficulty; however, hybrids can easily be obtained with the species S.cha- 
coense which is endemic in Uruguay. This latter species crosses freely with S. tubero- 
sum and hope ran high that S. chacoense could be used as a bridging species. How- 
ever, among some hundred stoloniferum-chacoense-hybrids not a single fertile indi- 
vidual occurred, barring any further progress. By that time the results of the first 
successful attempts to double the chromosome number with the aid of colchicine were 
published (BLAKESLEE and AVERY, 3) and by treating the F‚-seeds of the above 
mentioned cross combination many fertile seedlings were obtained, clearing the way 
for further breeding work (Toxopeus, 10). 

Of course the attempts to perform successful crosses need not be stopped at the 
generic boundaries, ultimately also intergeneric crosses should be included when ne- 
cessary. 

A combination of resistance with commercial characters can be most easily ob- 
tained within the limits of the species. However, it must be emphasized that outside 
the species genes for resistance occur that do not exist within it and so could greatly 
enhance the stability of the resistance found within the species. Such a support is of 
the greatest importance as there is always the danger of newly arising resistance 
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breaking races of the parasite. Every chance to back up the resistance already obtained 
with more resistance-genes should be utilized. 


Of course the more easy breeding objectives within the species should be carried 
on with great zeal, although a quick success may be only of a temporary nature. There- 
fore, the search for resistance outside the species should not be neglected and experi- 
ments to overcome the difficulties innate to an interspecific cross breeding programme 
should be pursued with great tenacity. 


The gist of the arguments given above is that every source of resistance should be 
used and consequently more than one line of breeding should be followed. At some 
stage of the work these lines must converge. For each case a choice has to be made as 
to whether the work along the easiest line should be brought to an end first or whether 
the different lines of breeding should converge already in an early stage. As examples 
of such parallel programmes the breeding for resistance to Heterodera rostochiensis 
and to Phytophthora infestans are discussed. 


Heterodera rostochiensis. Before ELLENBY (6) had discovered resistance in South- 
American varieties of S. tuberosum it was already known to him that the wild species 
S. vernei from northern Argentina possesses genes for resistance. At the Institute of 
Agricultural Plant Breeding at Wageningen preparatory work with this species and 
also with other material had been done in 1950 and it had appeared that exchange of 
genes with S. tuberosum would be difficult to realize, though not at all impossible. 

In 1951 seeds of three resistant varieties of S. tuberosum subsp. andigena were sent 
to us by Dr. Dopps, Director of the Potato Genetics Station, Cambridge (now Direc- 
tor of the John Innes Horticultural Institution, Bayfordbury, England). In the same 
year by testing the seedlings it became clear that the desired gene combination could 
be obtained rapidly. This was the reason why a breeding programme on the basis of 
this material was given precedence. However, in view of the possibility that the pro- 
spective resistant varieties could be attacked by a new strain of the eelworm parasite 
the work with S. vernei was continued on a modest scale and also with the other wild 
species S. kurtzianum and S. famatinae of which the resistance had been discovered in 
the meantime (HUIJSMAN, 7). 


In 1955, DUNNETT (5) in Scotland indeed discovered the presence of race B of the 
parasite. This strain (or group of strains) is able to attack the varieties with resistance 
against the original strain which had been called race A. He also found that S. vernei 
exhibits resistance against the new strain B. 


According to recent studies (HUIJSMAN, 8) also the wild species S. kurtzianum con- 
tains resistance to both races of the root eelworm. In this species the resistance is 
governed by a few genes with a major effect (major genes), while in S. vernei a large 
number of genes each with a minor effect (minor genes) are involved. Therefore in 
crosses with S. kurtzianum large numbers of resistant plants can be distinguished 
easily since their roots bear no cysts while those of the susceptible plants are densely 
covered. Among the offspring of S. vernei the number of cysts on the roots is highly 
variable and plants without cysts are extremely rare. It seems therefore that S. kurt- 
zianum is a more convenient parent species than S. vernei though possibly the resistance 
of its offspring may be more easily broken down by newly arising strains of the root 
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eelworm. The effect of one or a few major genes may be more easy to overcome by 
mutation of the parasite than that of a large series of minor genes. 


Phytophthora infestans. Since the first epidemic of this parasite in Europe (1845) 
work has been done everywhere to obtain a high degree of field resistance. Important 
results have been obtained in this fleld; however, it has become clear that the high 
degree of field resistance of the late material cannot be combined with an early time of 
ripening. 

In the twenties, genes (R) for hypersensitivity-resistance were discovered in the wild 
Mexican species S. demissum. Although this species is not closely related to S. tube- 
rosum it crosses freely with the latter and a breeding programme has been set up with 
this material in many places. As a result of these activities a large number of very 
productive potato varieties with one or more R-genes has been produced and it has 
become apparent that this kind of resistance is independent of the ripening time. 
Unfortunately this progress is impeded by the incidence of races of the parasite that 
are capable of breaking the resistance obtained. 

Attempts are being made to concentrate a large number of different R genes into 
one potato-variety and at the same time to combine these genes with a very high 
degree of field resistance. However, this latter combination again introduces the in- 
convenient correlation with ripening time as indicated above. 

The opinion now is expressed that use should be made not only of the hypersensi- 
tivity genes of S. demissum but also of the set of minor genes that govern the degree of 
attack when the species is infected by pathogenic races. Perhaps part of these genes 
are the same that determine field resistance in S. tuberosum; however, there may be 
others also that do not exert any influence on ripening time. 

During their evolution both species have been separated from late Cretaceous until 
the end of the Tertiary time and it is highly probable that S. demissum has been more 
intensively in contact with Phytophthora infestans than S. tuberosum. Therefore it 
seems possible that under the selection pressure of the parasite considerably more 
genes and of wider diversity have become accumulated in the former species. 

There are many other tuber-bearing wild Solanum-species in Mexico which are 
highly resistant to Phytophthora (BLACK and GALLEGLY, 2). Most of these species 
cannot be crossed with S. tuberosum, or, with poor results only. This accounts for the 
fact that they have hardly been used. It should be considered of major importance to 
try the utmost to overcome the difficulties barring the introduction of this material 
into a breeding programme. 

In broad outline it can be stated that there are several programmes running parallel 
although they are in very different stages. Of course it is the intention to combine them 
at an early stage in order to obtain material incorporating various forms of resistance 
capable of withstanding the pathogenic potencies of the parasite. 


When in this way our nets are thrown over ever wider areas and material is being 
included in the program which is ever more distantly related to the species under cul- 
tivation, it will become more and more difficult to obtain the gene combination 
desired. Conversely we would also tend more and more to get a disposition of genes 
whose effect cannot be broken down by the extreme variants of the parasite. 

Placing the cultivated species in a centre, we could construct a circle indicating the 
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limits of involving genes in a breeding programme. The parasite could be placed in 
the same centre and a second circle would indicate the limits of race formation. In 
favourable cases the second circle is smaller than the first; however, when it goes 
beyond the first every attempt should be made to enhance the crossability. 


When the difficulties barring the exchange of genes have been overcome, the in- 
heritance of the resistance in a narrower sence becomes determinative for the design 
of a breeding programme. In this work a breeder is dependent on the resistance being 
dominant, recessive or intermediate, on the number of genes governing this property and 
on their effect. The ease with which methods for testing can be applied in many cases 
is most important when deciding how to proceed. 

It is the very gene or genes for resistance occurring in the resistant parent that are 
desired since in other respects it is often of inferior quality. In this situation the method 
of repeated backcrossing is used which is particularly suitable when the resistance is 
dominant and not based on a combination of too many genes. The procedure is as 
follows: the resistant plant is crossed with the cultivated variety, the most resistant 
F‚-plants are again crossed with the same or in some cases with an other, etc, until the 
desired status has been reached (BRIGGS and ALLARD, 4). 

By vigorous selection for resistance in the successive stages of the breeding pro- 
gramme on the one side and for cultural properties on the other, the resistance in the 
material is maintained at a high level, while unfavourable genes of the resistant parent 
are replaced by favourable ones. 


In this connection it is important to stress the great significance of a very critical 
selection for cultural value in choosing the resistant plants that will be used as parents 
in the successive steps of the breeding work. In the beginning the opinion prevailed 
that the best procedure would be to make backcrosses in rapid succession, especially 
when wild or primitive sources of resistance are used, so as to get rid of the “wild” 
properties as early as possible. However, experience in work involving sufficient time 
for rigorous selection has shown that the number of backcrosses need not be large. 
The great advantage of a restricted number of backcrosses is that the danger of losing 
genes for resistance and of others from the “wild” side that may have favourable 
effects, are greatly reduced. This advantage is especially valid in cases where a group 
of minor genes afford a considerable contribution to the level of a favourable property. 

A loss of minor genes for resistance has been experienced unfortunately in the 


breeding for hypersensitivity against Phytophthora infestans. After several back- 


crosses a series of hypersensitive varieties were obtained and it appeared that among 
them there occurred such that were highly susceptible to the races of the parasite 
capable of overcoming the effect of the R genes. These varieties apparently have 


retained only a small part of the complex of minor genes governing the degree of _ 


field resistance. 


In the successive backcross-generations selection could be practised only for the 
presence of R genes as, in this programme, the pathogenic races had no chance of 
showing their effect. Therefore, there was no possibility for selection for field resistance 
at all, and the consequences indicated above are the result. 

The bad qualities of wild and primitive material are often highly exaggerated. This 


sort of material can even possess very good qualities which are masked by only a few _ 
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bad characters. Like the genes for resistance those for other valuable properties also 
may get lost in the course of a rapidly proceeding backcross programme, insufficient 
time and material being available for thorough selection. 

In the above mentioned breeding programme genes of S. demissum undoubtedly 
contributed to the high production of the varieties that have been developed by re- 
peated backcrossing with S. tuberosum in spite even of the fact that often not much 
attention could be paid to the intermediate products. Consequently more can be ex- 
pected, including resistance to other diseases than late blight, if more care is taken to 
prevent the loss of valuable genes. 


In a backcross programme the number of genes governing resistance is of great 
importance. If only one dominant factor is involved and if the resistant source is 
homozygous, all F‚-plants are resistant and so are 50% of all the plants of each 
backcross generation. This holds true in cases where diploid inheritance is involved. 
In the potato many genes inherit according to the tetraploid scheme. In principle the 
situation is not different, though now there are more possibilities than homozygous 
and heterozygous. 

At the end of the programme the material obtained will be heterozygous for resis- 
tance so that, in crops that are propagated by seed, some inbreeding has to be applied 
to get true breeding material. Of course vegetatively propagated material can be used 
in a heterozygous state. 

If the resistance is governed by more genes, one of them may be sufficient; however; 
it is also possible that the co-operation of two or more is necessary. In the latter case 
the percentage of resistant plants among the backcross seedlings will be less than 50 
and in the case of co-operation of many genes even very small. 

With decreasing percentages of resistant plants the possibility of satisfactory 
selection depends increasingly on the methods of testing. If these methods can be 
applied easily and effectively with large numbers of plants, difficulties are not unsur- 
mountable. In this case the possibility of raising sufficiently large numbers of plants 
needed for successful selection may become the limiting factor in some crops. 

In the foregoing statements resistance and susceptibility have been treated as alter- 
natives. In many cases, however, there is not a sharp borderline between the two, but 
there are degrees of resistance. As already indicated these degrees of resistance mostly 
are governed by a series of genes each with a small effect (minor genes) of which the 
gross effect may be dominant. In a backeross programme it is especially important to 
keep all minor genes in the material and consequently in such a programme high 
demands have to be made on the method of testing, on penalty of loss of part of the 
complex of minor genes. 

The above discussions all suppose dominance of resistance and fortunately this. 
premise is justified for the majority of diseases and pests. However, in some cases re- 
sistance behaves as a recessive character and in these cases the method of repeated 
backerossing can be used only to a limited extent. 

Crossing of resistant material with susceptible cultivated varieties now produces 
susceptible seedlings; resistant material can only be obtained by intercrossing or 
selfing the F‚-plants. The procedure is to select in the F, for the best plants in order 
to get an F‚-generation with a high level of favourable cultural characters. If the crop 
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is propagated vegetatively, among a large number of F,-plants the desired combination 
of characters can possibly immediately be selected; if not, the best plants have to be 
backerossed to the susceptible variety and the whole process has to be repeated until 
the desired results are obtained. 

If the crop is propagated by seed, line selection will be needed to get sufficient homo- 
zygosity and, if necessary, crossing with a susceptible variety followed by inbreeding 
has to be applied for a second time, etc. 

This programme seems rather simple; however, if the resistant source differs widely 
from the cultivar, great difficulties may be encountered to get the combination of 
characters desired. 

In potatoes such a situation is met with in BE ib: resistance against the Colo- 
rado beetle. The wild species S. chacoense has been used as a source of resistance 
(TORKA, 9). It crosses freely with S. tuberosum. The resulting hybrids are susceptible 
and the commercial characters in the F‚ on an average are not unsatisfactory. 

With the next step in the programme great difficulties are encountered. To begin 
with the testing does not produce conclusive evidence from the seedlings themselves 
but has to be continued with one or more clonal generations, especially as it is of 
prime importance to select F,-plants with a very high level of resistance for further 
crossing with valuable susceptible varieties. As the frequency of such plants is very 
low and as the quality of the F, with regard to commercial characters on the average 
is very bad, the quality of these plants cannot be but rather poor. In crossing these 
plants with good varieties, followed by inbreeding, a second Fs-generation can be 
obtained that may be on a somewhat higher cultural level than the first. 

In carrying out this programme with every step one looses in one complex of charac- 
ters and gains in another. For this reason progress is made only with great difficulty. 

In principle there is a possibility of obtaining the desired combination of characters 
if the work is done on a very large scale. In the Netherlands this is not justified by the 
degree of damage done by the beetle. If the solution of this problem became impor- 
tant for some part of the world, it would be advisable to look also for other sources 
of resistance that may have a more favourable genetical background. 


So far only resistance against parasites has been discussed, particularly with regard 
to the difficulties arising out of potential variability of the parasite. 

The same principles hold true when breeding for resistance against abiotic factors 
such as drought or frost. No difficulties are encountered with adaptation of these 
factors to the resulting resistant varieties, implying that favourable results will be of 
a more lasting nature. This does not mean than it would be easy to develop resistant 
varieties because the physiology and consequently the inheritance of resistance may be 
very complicated. The methods of testing also may present particular difficulties. 


SAMENVATTING 
Problemen bij de veredeling op resistentie 


Bij de uitvoering van een kweekprogramma wordt altijd begonnen met het kruisen 
van de resistente plant met een plant uit het ras dat men wil verbeteren. 
Als beide planten tot dezelfde soort behoren kan de uitwisseling van genen gemak- 
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kelijk worden bewerkstelligd. Indien de resistentieechter alleen in andere meer of minder 
verwante soorten voorkomt, dan treden gewoonlijk complicaties op. 

Als gevolg van de verbouw van resistente rassen zijn fysio’s van de parasiet, welke 
de resistentie kunnen doorbreken, in staat zich naar verhouding sterk te vermeer- 
deren. Het is daarom van het grootste belang de resistentie-genen uit alle beschik- 
bare bronnen te combineren, teneinde een barrière op te kunnen werpen die niet of 
slechts met grote moeite te doorbreken is. Men moet derhalve niet alleen de gemak- 
kelijke weg van de raskruising volgen maar ook de veel moeilijker weg van de 
soortskruising en zelfs die van de geslachtskruising, teneinde ook die genen in het 
werk te betrekken die buiten de soort voorkomen. 

Daar de resistentie in de meeste gevallen dominant is kan de methode van de her- 
haalde terugkruising met voordeel worden toegepast. 

Bij iedere volgende stap in het terugkruisingsschema moeten grote aantallen zaai- 
lingen worden opgekweekt, terwijl het toekomstige oudermateriaal met grote zorg 
moet worden uitgezocht. Daardoor kan het aantal terugkruisingen worden beperkt 
en tevens het gevaar voor verlies van waardevolle genen. 

Als de resistentie recessief overerft kan de methode van de herhaalde terugkruising 
niet in volle omvang worden toegepast. De F, is vatbaar en door inteelt kunnen meer 
of minder resistente zaailingen worden verkregen. Als de bron van resistentie een wilde 
soort is dan moet dit programma van kruisen gevolgd door inteelt worden herhaald 
en zal er slechts langzaam vooruitgang optreden. 

Van veel belang is de mogelijkheid snelle methoden voor massale toetsing te ont- 
wikkelen. Deze methoden behoeven niet betrouwbaarder te zijn dan door de aard 
van het te toetsen materiaal wordt geëist. 
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CONFERENCE ON THE BREEDING OF ASPARAGUS 
by J. A. HUYSKES, 
Institute of Horticultural Plant Breeding, Wageningen 


An international conference on the breeding of asparagus was held within the scope of “Eucarpia’’ 
on October 27 and 28, 1959, at the Institute of Horticultural Plant Breeding, Wageningen, Holland. 
There were participants from England, Germany and Holland. The French experts were unable to 


assist. 


The foot rot caused by Fusarium spec. was recognised as the most serious problem. Several in- 
vestigations are planned, but thus far the main difficulty is the lack of fundamental phytopathological 
research on the causal organism(s), physios, testing methods of breeding for resistance, etc. As far as 
breeding is done now it is on a purely empirical basis. It is hoped to find more cooperation of phyto- 
pathologists in this fleld. 

Another point is that some investigators will start a breeding programme to develop hybrid aspara- 
gus after inbreeding. 

The conference also led to a new start in research on cultural practices, concerning harvesting 
methods and higher yields, on an international scale. 

The next meeting has been planned for September 1960, at Walbeck and Hannover, Germany, 


provisionally. 


NEW ACTIVITIES IN HORTICULTURAL SCIENCE 


The International Horticultural Congress at Scheveningen, the Netherlands, in 1955, is still vivid 
in the memory of many participants. The Congress received important moral and financial support 
from commercial growers in the Netherlands. 

Representatives of horticultural science, 788 in total, from 63 countries, assembled in the Dutch 
seaside resort. 

Apart from their scientific activities, in a resolution they expressed the wish to come into close co- 
operation by constituting an international association for horticultural science in the place of the 
International Committee for Horticultural Congresses, which has organized these congresses from 
1923 onwards. 

A committee of representatives of a number of countries including the Netherlands has drawn up 
the articles and submitted them to the congress at Nice, France, in 1958. This congress approved the 
statutes and authorized the committee to constitute the new association. This important event in the 
history of horticultural science took place on 27th April 1959, on the occasion of the “Floralies Inter- 
nationales de Paris”. 


The way is now open for a close co-operation of horticultural scientists all over the world. How- 
ever, they are confident that they will be supported not only by growers but also by merchants and 
manufacturers in the auxiliary industries, since they are well aware that the results of their investi- 
gations should come to benefit the horticultural trade as a whole. Therefore they wish to work in co- 
operation with commercial interests, a desire which is already witnessed by various other activities: 
warning services for pests and diseases, soil and crop research, economic affairs such as work organi- 
zation and working methods and the introduction of better tools and machines. For these activities 
the best suggestions can be made by growers, dealers and manufacturers. 

The principles of co-operation are reflected in the articles of the new association which describe its 
aims as follows: The progress of all branches of horticulture will be realized by furthering international 
contacts and by studying scientific and technical problems together, through 


a. organizing international horticultural congresses ; 

b. appointing permanent commissions and working parties, in order to tackle special scientific and 
technical problems jointly, to promote international co-operation and to publish the results ob- 
tained; 

c. organizing meetings of scientists and other experts; 

d. other measures which the Board may decide upon to further the objects of the association. 


232 


NOTES 


World wide horticultural science seeks the support of men of commerce for the new International 
Society for Horticultural Science. 


The new Society desires to co-operate with Eucarpia and would welcome an agreement as to the 
fields of activities of the associations. 

The subscription fee is the countervalue of $ 1.…— for persons and $ 10. for associations, to be paid 
or remitted to the account of the International Society for Horticultural Science with the Amsterdam- 
sche Bank N.V., Bezuidenhoutseweg 148, The Hague, the Netherlands. 

A copy of the statutes and further information can be obtained from the Honorary Secretary, 
Dr. G. pe BAKKER, Inspector of Horticultural Research, le van de Boschstraat 4, The Hague, the 
Netherlands. 
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BREEDING MAIZE FOR RESISTANCE 
TO STREAK 


G.J. M. A. GORTER 
Principal Professional Officer, Division of Plant Pathology 
Department of Agriculture, Pretoria, South Africa 


ABSTRACT 


A historical review is given of the breeding for resistance to streak disease in Maize. 
The latest advances in this respect in South Africa include the production of a com- 
mercial streak tolerant three-way hybrid, S.A. 31, in which the resistance to streak is 
derived from P x H maize. New sources of resistance have been found in Mexican 
maize, the inbreds Urg. 54 and Mex. 37-5 being the most promising. 


1. INTRODUCTION 


Streak disease of maize is one of the most widely distributed maize diseases in 
Africa. This virus disease of which the most characteristic symptom is a chlorotic 
striping of the leaves parallel to the veins (fig. 1) is, however, not found in maize 
outside the African continent with the exception of Mauritius (7). It occurs princi- 
pally on the coastal plains where the insects which transmit the virus are most preva- 
lent (13). This is probably because the main vector of this disease, Cicadulina mbila 
(NAUDÉ) CHINA has a preference for high humidities (4). However, it may also be a 
question of a continuous supply of host plants for this jassid, since, wherever these 
conditions are fulfilled, even at comparatively high altitudes, streak can become very 
severe. The accumulative effect of a continuous supply of host plants on the incidence 
of the disease makes it particularly difficult to control on irrigated soils where maize 
is cropped in rotation with winter cereals. 

Control of the disease by means of a direct attack on the insect vector have not 
offered any prospect of success. Indirect methods of suppressing the vector population 
like clean cultivation and harvesting immediately prior to planting, have resulted in a 
lower initial infection (3) but cannot be relied on for the effective control of streak 
under conditions extremely favourable to the disease. Thus, the only promising way 
of control left was to breed resistant varieties or hybrids. | 


2. HISTORICAL d 


Apart from some recent work in Southern Rhodesia (5) and East Africa (1, 14) | 
most of the breeding for improved resistance has been done in South Africa. | 

FIELDING (2) was the first to observe that of the varieties grown in South Africa, | | 
Peruvian Yellow was the most resistant. This has been confirmed by Rose (9) who | 
found that next to Peruvian, Arkell’s Hickory was the most resistant variety. From 
these two varieties ROSE started to make selfs. The progeny of these selfs was tested | 
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Fi. 1. STREAK DISEASE OF MAIZE. LEFT: INFECTED LEAF; RIGHT : HEALTHY LEAF 


for streak resistance in the field. In order to build up the infective vector population 
for bombardment of selected lines, two progeny rows were alternated regularly with 
one line of a very susceptible variety like American Yellow Flint (11). In this way, as 
far as streak resistance is concerned, the intra-varietal selfs yielded excellent material 
which was far superior to their parental bulks. The Peruvian Yellow even yielded a 
number of lines which remained 100 per cent uninfected (12). Unfortunately, the 
varieties synthetised from these selected resistant lines had a poorer yield potential 
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than the parent varieties although the synthetic resistant Hickory outyielded the 
parent Hickory under conditions of severe streak infection (8). 

However, Rose (12) had also observed that the white dent types segregated in the 
F2 from Peruvian (Q@) x Hickory (4) crosses, showed appreciably better resistance than 
could be obtained by straight forward selection of the Hickory. Bulking of these 
crosses did not only produce a highly resistant variety but one which outyielded the 
parent varieties as well as their resistant synthetics when streak was severe (6). 

This P x H cross which was improved by the rogueing of infected plants at the 
Barberton Agricultural Research Station, provided the material for investigations by 
GORTER (4). Although P x H maize gave the best yield under conditions when streak 
was severe he found that it was significantly outyielded by susceptible white dents 
when streak was negligible or absent. However, by crossing the P x H with these 
susceptible varieties, crosses were obtained which had a yielding capacity equal to that 
of the susceptible parents but outyielded the latter in localities where the incidence 
of streak was high by virtue of greater tolerance to the disease. 


3. RECENT ADVANCES 


Since the Barberton trials (4) also showed that hybrid vigour could to some extent 
suppress the effects of the disease on yield, efforts were now made to combine the high 
resistance of P Xx H maize with the high yield potentialities of the most promising 
maize inbreds and single crosses obtainable in South Africa. The writer made the 
required crosses while stationed at the Potchefstroom College of Agriculture using 
the P x H as the female parent for the top crosses. Seed of these crosses was planted 
in 1956 and 1957 in field experiments at the Barberton Agricultural Experiment 
Station where streak is prevalent. The design of these trials was a simple lattice with 
four replications. Each plot consisted of 2 x 15 hills and each hill of one plant. The 
hills were spaced three feet between the rows and two feet within the rows. As the 
commercial production of the three-way crosses is more feasible than the top crosses, 
the 1956 top-crosses trial was mainly intended to seek information on how far the 
different inbred lines aided the transfer of resistance to the top cross and on their 
combining ability with P x H maize. 

The yields obtained in the top cross trial (table 1) show that only about one third 
of the crosses gave a significantly higher yield than the P x H. The disease ratings for 
each cross were obtained by multiplying the percentage of plants infected with its 
mean severity index ranging from 0.2 to 1.0. As a highly significant correlation between 
yield and streak ratings was noted, part of the higher yield in the crosses must be 
ascribed to resistance to the disease. If there was no hybrid vigour in the crosses they 
might be expected to have more or less the same yielding potential and the yield of 
each cross can then be estimated on the basis of its infection rating, according to the 
formula 


GE 
in which C represents the regression coefficient and y and x respectively the estimated 
and the actual yield. 
If the estimated yields are now compared with the actual values it will be seen that 
in several instances the latter is much larger, which could point to the effect of hybrid 
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TABLE 1. COMPARISON OF YIELDS IN BAGS PER MORGEN** AND STREAK RATINGS 
(O-100) OF 24 TOP-CROSSES ON P X H AT BARBERTON DURING THE 1955/ 
1956 SEASON 


GE Streak Actual Estimated 

rating yield yield 
(PESED SAAS mar: wek 30.6 20.07 Oos 
OPA ee | 35.1 23.09 21.80 
(BEDEA TIL Erde LEE. | 6.5 A) 25.34 
(PSAE AL Ed (455 27.92* | 24.72 
(PED AIP DEES on AN 16.7 IDT 2407 
(BEGED ARO: he rarn eer dei 9.1 23508 25.01 
Peet aen kek à | 59.6 16.96 18.76 
0E Evo me | 8.8 20.16 25.05 
(ost Ered Cru enee 26.2 23.48* 22.90 
(PAR KOI Es A 16.6 24.05* | _24.09 
(RPSEDSAROA seer Ae et | 39.8 2353 Ne 
EEE NIS rn Weener care. 29.1 26.77* 22.54 
GPS GEDNID red od 66.2 | 17.97 17.95 
(RSG SIG. vB A 15.0 28.03* 24.28 
(POREDARKEN ee 51.0 20.53 19.83 
(PX H) Xx Mo2REF .. .... 14.7 2531024052 
(P Xx H) x (Ky 201 x K55®). . . 26.0 (te 216 pes dl wr 2002 
(BOCH EN BA leren eerden 52.8 17.24 19.61 
Bae 1 61:M mere 2 ate. | 5.6 25.34* 25.45 
(P Xx H) xX(Mo22 xK64) ... | 16.4 ee kn 2411 
(ES EDENINSA. maen no | 40.0 20.41 21.19 
(BERDE TAT2 roe oe | 55.4 ln 23 | 19.28 
(RSSEDEAM OOS ee 43.9 | 17.64 | 20.71 
(BEEEDEENSI4O: 13.6 |__ 24.54* 24.46 
PEER BE eten PA | 3.1 | 19.82 


Significant difference (P—0.05) 3.33 BGS/Morgen 
Coefficient of correlation — .644 
Coefficient of regression — 1238 
* Significant increase over PxH 
RDD ACTS: 


vigour. Thus, the inbred lines which apparently combine best with P x H appear to 
be A21, N75, and 33-16. 

The apparently good combining ability of A21 and especially that of 33-16 has 
been confirmed by the results obtained in the yield trials with the three-way crosses 
where 33-16 is represented in four of the five hybrids with the highest average yield 
(table 2). A21 is represented twice. This shows that 33-16 is one of the best inbreds 
to use in a three-way cross with P Xx H. For the second inbred we have a choice between 
AIl7, A21, K4l and K55. Of these K55 can be excluded on account of extreme 
susceptibility to Helminthosporium leaf blight. K41, although not as susceptible as 
K 55, can be discarded for the same reason in spite of the highest average yield ob- 
tained in yield trials by the cross (K41 x 33-16) X(P x H). This leaves us a choice 
between A17 and A21 both of which are fairly resistant to leaf blight. Of the two 
lines A17 is the most resistant to streak but A21 has the advantage of being resistant 
to cob and tassel smut and has a better combining ability. However, as the three-way 


see 
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TABLE 2. COMPARISON OF YIELDS OF 27 THREE-WAY HYBRIDS WITH P X H AS THE 
POLLEN PARENT, THE RESISTANT P X H AND TWO SUSCEPTIBLE WHITE 
DENTS GROWN AT BARBERTON IN [956 AND 1957 


Yields in bags per morgen 
Hybrid or variety 
1956 1957 Average 
(K41 X33-16) X(PxH) .. 22.81 SIMS DUT 
(ANT 33L0) MACE AEN) PN 25E OS 29.45 DS 
ONSCTARLAD) SAGEN) oe 22.67 id 27.40 
(ASLK) SURE) 2521 28.45 26.93 
(N3134 x M995) xX(PxH) .. 25.56 27.88 26.72 
(KES 530) MARE AED) 24.66 27.40 26.03 
(K64 x M995) Xx(PXxXH) .. 21.86 28.36 5 IL 
(64 T472D) (POS He 23.95 25.65 24.80 
(IGSA 2) NACRE AED) Be DD | 26.43 24.60 
(A22 x K63) SUPTED) 23.66 | 25.51 24.59 
(A13 x A22) ARS AED Rn 24.05 | 24.48 24.26 
(A17 x K55) SOE) — 24.45 23.91 24.18 
(A21 xM995) x(PxH).. OIS 26.52 24.15 
(NS134 0 TAT2 IPSE) PE 19.49 28.06 DEN 
(A17 x K41) PSS OAMIES 25.45 DN 
(A15 x K4I) APD AED 21.91 24.19 23.05 
(B3165 MOO ACPE SEND) Me 21.16 24.57 22.86 
(63 AMOS) EI ((P RSE) MEE 21.93 28877 22.60 
GEGE) SAP ED) 18.72 25 21.99 
(CANS) SOE AED) MEE — OISD DSD 
(CASIER AMO O5) EERST) NEN — 20.14 20.14 
N75 x M995) APS AED) Re 19.87 — 19.87 
(NSE A72 1) NACRE AED B 19.69 — 19.69 
(MOSSEL ARS SED Be 17.41 OND 19.56 
PE 17.68 20.94 19.31 
Potchefstroom Pearl . . . .. 16.48 20.84 18.66 
P.P. x K64 (Mealie Board) . . IDS 21.67 17.01 


combination with A17 yielded better than its equivalent with A21 in both trial years 
it was recommended to the Mealie Industry Control Board which handles the mar- 
keting of hybrid maize seed in South Africa, that an experimental hybrid (A17 x 
X 33-16) Xx (P Xx H) be produced under supervision of the Board with (A21 x 33-16) x 
x(P x H) as an alternative choice. This was accepted and production of the former 
hybrid was commenced in 1958. Its seed is now available for distribution by the trade 
under the name of Hybrid S.A. 31. 


4. NEW SOURCES OF RESISTANCE 


Progress in the breeding of maize resistant to streak has been laborious because 
Peruvian Yellow was the only available source of resistance. Screening of a wide 
range of imported maize varieties and inbreds have for many years remained without 
success. In 1957, however, new sources of resistance were found in the Mexican inbred 
maize lines, Mex. 375, Urq. 54 and Gto 29-29A-5-4. Unfortunately, these lines are 
all susceptible to Helminthosporium leaf blight. Thus, in the breeding programme they 
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will have to be combined with lines which transfer leaf blight resistance. Experiments 
in this direction are now under way. 

Other promising sources of resistance were found in the Caribean variety Yellow 
Bounty and the Rhodesian inbred 3 NA but as they are both yellow types a similar 
crossbreeding procedure will have to be followed as with Peruvian Yellow to transfer 
the resistance to white maize before it can be used in the breeding programme. 


5. DISCUSSION AND CONCLUSIONS 


The lack of new sources of resistance has not been the only factor which has ham- 
pered progress in the breeding for streak resistance. Another great problem has been 
that the inheritance of resistance as found in Peruvian Yellow is of a complicated 
nature and does not follow the Mendelian ratios (10). When susceptible varieties are 
crossed with P xH maize the F, plants do not show a great reduction in total per- 
centage infection as compared with the susceptible parent but the severity of the dis- 
ease in the plant population is greatly reduced i.e. the plants have become tolerant. 
The effect of infection in yield of these tolerant plants is more or less the same as if 
they had been resistant: the yield is not noticeably lowered. Thus, the streak-tolerant 
three-way crosses of P x H maize and high yielding streak-susceptible single crosses 
offer a useful stop-gap in long term quest for a streak resistant maize. The finding of 
new sources of resistance, however, enhance the probability that a high yielding truly 
streak resistant maize will be produced in the not too distant future. 


SAMENVATTING 


Het kweken op resistentie tegen strepenziekte bij maïs 


Een historisch overzicht wordt gegeven van het kweken op resistentie tegen de door 
een virus veroorzaakte strepenziekte (streak-disease) bij maïs. 

Het gelukte in Zuid-Afrika de tolerante driestam-hybride SA 31 te kweken, die de 
resistentie tegen strepenziekte dankt aan de P x H hybride. 

Nieuwe bronnen van resistentie zijn gevonden in Mexicaanse maïs, waarvan de 
inteeltstammen Urg. 54 en Mex. 37-5 veelbelovend zijn. 
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ABSTRACT 


The ISO Recommendations are a great help in the shaping of the layout and the 
outward appearance of periodicals. 

Comments are made upon various details of the layout of Euphytica. Attention is 
particularly drawn to the value of printing the journal, volume- and page references in 
the upper margin of the first page of the articles. 


INTRODUCTION 


When in 1951 it was decided to issue a periodical on plant breeding in the Nether- 
lands the first work was to get information on the subject of editing. Existing journals 
on genetics and plant breeding were compared, great attention being given to details 
contributing to the outward appearance. There was enough variation to make a 
choice. Various details of other periodicals have served as examples for the layout of 
the prospective journal. 


After some experience had been obtained ideas on the subject of publication and 
editing were exchanged with other editors and also some information was given 
to other bodies starting new periodicals. The exchange of ideas led to the present 
writer's attention being drawn to the ISO Recommendations concerning the layout 
of periodicals. These Recommendations are intended to help editors and publishers 
so to shape the form of their journals as to facilitate their use by readers and librarians. 
By following the rules they will find that they have also made their own task easier, 
since the rules make for order and clarity (2). The result was that in 1957 attempts 
were made to adapt the layout of Euphytica as closely as possible to the ISO Re- 
commendations. 

It is beyond the scope of this article to discuss the ISO recommendations. This is a 
subject for editors. However, for the interest of readers some details of the layout of 
Euphytica are discussed. 


THE LAYOUT OF EUPHYTICA 


The naming of a journal is as important as the naming of a variety of a crop. In 
many old pricelists and in former lists of varieties for instance varieties often were 
indicated by very long names in Dutch. However, the Government Committee for the 
Compilation of the List of Varieties of Field Crops at Wageningen suggests that 
breeders should choose short and suitable names for their new varieties. The 34th 
Dutch List of Varieties of Field Crops (1959) mentions the following short names of 
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pea varieties: Rondo, Servo, Vares, Unica, Virtus, Pauli, Rovar, Fertila, Big Ben, 
Emigrant, Zelka, etc. 

In the naming of the Dutch periodical of plant breeding therefore much attention 
was given to choosing an attractive title which was short and meaningful. It was 
desirable that the name should present no difficulties of pronunciation in foreign 
countries. As a result of an enquiry 14 different names were suggested as appropriate 
(1). From these the name Euphytica, i.e. better plants, was ultimately chosen, while 
the sub-title Netherlands Journal of Plant Breeding was added in order to indicate the 
geographical boundaries and the specific field with which the periodical would be 
concerned. The addition of “Netherlands” to the title is all the more justified since 
Euphytica is not a journal of one of the institutes but intends to give all Dutch 
research workers in plant breeding an opportunity to publish the results of their 
work (1). 

Title and sub-title are mentioned on the first and second page of the cover, on the 
first page of the issue, and on the title page of the volume. The title Euphytica must 
be mentioned as source in references; it is undesirable to give also the sub-title. 

In order to facilitate reference of a Euphytica article, a notation is given in the 
upper margin of the first page of every article e.g. Euphytica 6 (1957): 261-267. This 
notation enables a rapid identification of the periodical, particularly in the case of 
reprints or photographie reproductions. For the reader it is also useful as it tells him 
the length of the article and on which page of the issue the list of references can be 
found. 


Under the title of the article are placed the name of the writer, his address, the 
number of figures and the date of receipt of the manuscript. Then follows the summary 
(Abstract). With the summary in this place it is possible to become acquainted with 
the contents before reading the whole article. At the same time the summary can be 
included when the title is photocopied. 


The left pages of the articles and plates carry in the upper margin the author’s name, 
the right pages an indication of the subject. At the end of the text the title and the 
summary are given in Dutch; however, when reprints are prepared for foreign 
authors this Dutch summary is mostly left out. 


On the first page of the cover not only the title and sub-title are mentioned but also 
the contents and at the foot a strip with bibliographical information, e.g. 

Euphytica Vol. 8 No. 1 pp. 1-98, Wageningen, Febr. 1959. 

As there is not sufficient space on the first page of the cover to indicate the full 
contents, the list is continued on page 4 of the cover. Thus it is not necessary to open 
the journal to get information on the contents. Page 4 of the cover also details the 
frequency of publication, the subscription rate, the price of back numbers as well 
as the price of a single copy. 


The title on the spine is orientated so as to be readable when the issue is lying flat 
with the front page of the cover uppermost. 
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The title pages and table of contents pages which are bound at the beginning of the 
volume are not included in the general pagination; the part to be bound at the end 
(index) is included in the general pagination. The cover of the issue and the pages with 
advertisements (exchange with other periodicals and abstracting journals) are not 
included in the general pagination since they are omitted in the bound volume. 


So that the full details of the journal are included in the bound volume the reverse 
of the title page gives the title and sub-title, the foundation in 1952 by the Netherlands 
Study Circle of Plant Breeding, the constitution of the Editorial Board, the issuing 
dates of the 3 numbers, and the subscription rate. 


Great care is taken to ensure the accuracy of references in the literature cited. This 
js a problem for authors. 


LAYOUT AND CONTENTS OF EUPHYTICA ARE APPRECIATED 


From letters and through personal contacts with colleagues abroad it is evident that 
the layout and contents of Euphytica can stand comparison with other periodicals 
in the field of agriculture. This appreciation may lead to more subscriptions and or- 
dering of back numbers. The subscription rate is reasonable for an independent 
scientific journal. It is expected that in the future the number of pages and plates will 
keep pace with increases in the number of subscriptions (fig. 1). Euphytica is not a 
profit-making journal. The net revenues of seven subscriptions is about equivalent 
to the cost of 2 pages (printing, mailing, administration, 150 free reprints for the 
authors). With a number of 1,260 volumes paid for (subscriptions and back numbers) 
the number of pages can be increased to 360 per volume at the same subscription rate. 


Number of 
volumes 
paid 


1200 


Income B 
EE AR id 
1000 4 
Expenses 
48 à FIG. 1. EXPENDITURE IN TERMS OF 
THE MEAN NET SUBSCRIPTION 
FEES 
600 
400 
200 
A A ‚Jl. B n 
Vol. 1 2 3 4 5 6 7 8 9 10 (1961) 


Pages 240 240 240 264 356 272 294 


Although Euphytica is intended in the first place for articles written by Dutch re- 
search workers and breeders, articles by foreign workers are also welcome, the number 
of which however is limited by financial considerations. 

A yearly subsidy or a publication charge in specific cases (publishing a congress 
report or the reports of international working groups on plant breeding) would offer 
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the possibilities of increasing the number of pages and increasing the number of issues 
to four in each volume. 


The authors of articles in Euphytica have in the past years often called upon col- 
leagues in the United Kingdom or guest workers at Wageningen from English speaking 
countries for correction or reversion of various manuscripts. They are very grateful 
for this co-operation. It has encouraged them to continue to use the English language 
and thus to contribute to the efficient spreading of information on research and the 
organisation of plant breeding in the Netherlands. 


SAMENVATTING 


De opmaak van Euphytica 


Bij de uiterlijke vormgeving van tijdschriften bieden de ISO Recommendations 
grote steun. Schrijver licht verschillende onderdelen van de opmaak van Euphytica 
toe. In het bijzonder wordt de aandacht gevestigd op vermelding van de bron boven 
de titel van elk artikel. 
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ABSTRACT 


. This is a report on a preliminary investigation of the causes of insufficient fruit 


setting in the strawberry variety Jucunda, especially its clone JK3 


„ From field experiments in different localities it was concluded: 


a. that raw weather increases the percentage of malformed fruits (nubbins) in 
Jucunda, especially in clone JK3, and 

b. that interplanting with a good pollen variety (Deutsch Evern) may decrease this 
percentage. f 


„ An insufficient pollination may take place in the centre of too closely planted beds. 
„ Bees do not improve fruit setting in Jucunda. 
„ Usually the development of good anthers in Jucunda is not abundant, which means 


that the quantity of pollen produced is not large. 


. The quality of the pollen, expressed as a percentage of morphologically good 


pollen, of the bad clone JK3 was sometimes a little lower than that of the good 
clones of Jucunda. 


. Meiosis in the anthers of clone JK3 was normal. 
„ The fruit setting of the variety Deutsch Evern was good at all temperatures of the 


range of 10-26°C, whereas that of Jucunda was only good at 17-26°C. At 14°C 
and lower the fruit setting in Jucunda was reduced to zero. 


. As the phenomena of this type of unfruitfulness are greatly influenced by the 


growth conditions of the plants, further investigation of this problem will be carried 
out under controlled conditions. 


„ INTRODUCTION 


In a former article (4) some factors have been discussed which in general can un- 


favourably influence the fruit setting in strawberries. 


Against this background the problem of reduced fertility in the variety Jucunda and 


especially in its clone JK3, has been studied. As some indications for the best way of 
further research have been found now, this first orientating phase of our investigations 
is herewith closed. The results of this preliminary study are reported in the present 
article. 
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2. FRUIT SETTING OF JUCUNDA UNDER DIFFERENT NATURAL CONDITIONS 
Trials in different localities 


There are growers who think that cold (rainy?) weather during flowering may cause 
a poor fruit setting in Jucunda. To test the correctness of this opinion field plots were 
laid out in 1952 and 1953 in four localities with a somewhat different climate: 

a. At Middelburg (Zeeland), on a clay soil, in open windy land, not far from the sea. 

b. At Woensel (near Eindhoven), on sandy soil, sheltered from east winds by a wood. 

c. At St.Agatha (near Cuyk), on sandy soil, sheltered from north winds. 

d. At Grave, on sandy soil, extremely sheltered in an orchard. 

The four localities are mentioned in the order of an increasing mildness of growth 
conditions. In each locality two clones (JK 3 and JES) and one mixture of some clones 
(indicated as M) were planted. JK3 has a particularly poor fruit setting. JES and M 
are, for Jucunda, relatively good in this respect. See fig. 1. 

In each locality there were two plots of 100 plants per clone or clone-mixture. One 
of these plots was always interplanted with the variety Deutsch Evern (every other 
row), the other one was not. 

The interplanting with Deutsch Evern, which has plenty of good pollen, was done 
to check the possibility of pollen-quality being a factor. 

The degree of fruit setting was expressed as the weight of the malformed fruits or 
nubbins as a percentage of the weight of the whole yield (table 1). 

TABLE 1. DEGREE OF FRUIT SETTING IN JUCUNDA CLONES IN DIFFERENT LOCALITIES, INTERPLANTED 


(+ DE) OR NOT (—DE) WITH THE GOOD POLLEN VARIETY DEUTSCH EVERN. WEIGHT OF NUBBINS 
AS A PERCENTAGE OF WEIGHT OF TOTAL YIELD 


F JK3 JE5 M 
Mean Locabiy -DE +DE -DE +DE -DE +DE 
1952 Middelburg . . 94 60 31 14 26 13 
MOSEL ae IS 40 30 23 39 18 
Average . . . | 73(100) 50 (69) 34 (100) 19 (56) 33 (100) 16 (49) 
| 
St. Agatha | very few ‚rather few many few 
many many 
Grave | some IE 0 SE 0 + (0) + 0) + 0) 
| 
1953 WMOense 40 25 26 25 30 15 
Graven 42 15 11 12 20 13 
| | 
ING CT | 41 (100) 19 (46) 19 (100) 18 (95) 25 (100) 14 (56) 


In 1956 eleven other clones were compared at Rutten in the north-western part of 
the North-East Polder on very windy, exposed land, and at Wageningen, where the 
plants were more sheltered. Here the degree of fruit setting was expressed in percen- 
tage of nubbins of the total number of fruits (table 2). 

From table | we see that interplanting with Deutsch Evern clearly the percentage 
of nubbins reduced in both clones and the clone-mixture. Only clone JES did not show 
a reduction in 1953, apparently because the percentage was on a relatively low level 
already. Clone JK3 had a very high percentage of nubbins in 1952, which 
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TABLE 2. DEGREE OF FRUIT SETTING IN JUCUNDA CLONES 
IN TWO LOCALITIES. NUMBER OF NUBBINS AS A 
PERCENTAGE OF TOTAL NUMBER OF FRUITS 


Rutten Wageningen 
Clone (exposed) (sheltered) 
1 24.1 8.6 
2 6 3.6 
3 2758 5 
4a | 45.9 25.9 
4b 70.8 1257, 
JK2 26.0 4.7 
5 251 4.5 
6 19.6 5.8 
i 26.6 4,5 
8 DID DD) 
9 39.1 | 4,4 
Average ... | 31.8 | 7.5 


percentage was relatively less reduced by interplanting than that of JES and M. 
In the latter interplanting reduced the percentage of nubbins to 56 and 49 % res- 
pectively of its value without interplanting, in JK3 it was reduced to 69 % of its 
no-interplanting value. In 1953, in two localities, the percentage of nubbins in JK3 
was lower, though still higher than that of JES and M. Interplanting now reduced the 
percentage of nubbins in JK3 to about the normal degree. These data seem to indicate 
that the pollen of JK3 is below the normal level of Jucunda. There is also a possibility 
that the pistils are weaker, because the reduction of the nubbins-percentage by inter- 
planting in 1952 was less than in JES and M. 

From both tables l and 2 we learn that climatological differences may influence the 
fruit setting in Jucunda. The more a locality was exposed, the more nubbins were pro- 
duced. 

Mild conditions and a more sheltered position resulted in a lower percentage of 
nubbins. According to table 1 the difference between JK3, JE5 and M is not very great 
under mild conditions (Grave and St. Agatha). In 1952, in comparison with Grave and 
St. Agatha, at Woensel the percentage of nubbins of JK3 increased more than that 
of JES and M, and at Middelburg this is still more evident. It seems that JK3 is more 
sensitive to raw weather than JE5 and M. According to table 2 the clones 4a and 4b 
have a higher percentage of nubbins at both localities. Evidently, Jucunda in general 
is sensitive to raw weather, but some clones (JK3, 4a and 4b) are more sensitive than 
others. 


Insufficient pollination in too closely planted beds. 


In the south west part of the Netherlands Jucunda is usually grown in rather closely 
planted beds. As long as the planting material was not too vigorous, this gave satis- 
factory results, because the flowers projected above the foliage. But after more healthy 
clones had become available, the plants grew too heavy for the old planting distances; 
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the flowers were hidden under the heavy mass of foliage, where they apparently were 
insufficiently pollinated. Very often only at the borders of the beds the fruit setting was 
good, but not within the beds. 


Bees do not improve fruit setting in Jucunda 


In cooperation with Dr. A. MINDERHOUD, Wageningen, in 1956 some experiments 
with bees were made. Bee hives were placed in a trial field of Jucunda. Immediately 
before flowering, in one part of the field the plants were sprayed with a 10 % sugar 
solution, in another part of the field they were not sprayed. 

The result was that the sprayed plants were visited by a lot of bees and the un- 
sprayed plants were not visited at all. But a difference in fruit setting could not be 
observed. 

It was also tried to use bees for the crossing of different varieties in the breeding 
work. Several times plants were isolated with bees in an isolation chamber. But in no 
case was there any result. 

Evidently, placing bee hives in Jucunda fields is of no use for the improvement of 
fruit setting. 


3. THE POLLEN QUALITY 


In comparison with many other varieties the anthers of Jucunda are usually poorly 
developed. With an average rating of 10 for the quality of the anthers of Deutsch 
Evern, the average ratings for the quality of the anthers of 23 Jucunda clones in 1951 
were between 5.8 and 7.0. Clone JK3 was rated at 5.8. See also fig. 2. 

The result is a low pollen production (also see VAN GILS, 2). However, there does not 
seem to exist a clear correlation between the quality of the pollen and that of the an- 
thers (see table 3). The quality of the pollen was determined from its morphological 
appearance under the microscope, in four samples of 100 pollen each per clone. 


TABLE 3. THE QUALITY OF THE POLLEN COMPARED WITH 
THAT OF THE ANTHERS IN 1951 IN 23 JUCUNDA 


CLONES 
Á Percentage of morpho- 

Av. rating for anthers logical; good En 

7.0 10.2 

6.7 9.5 

6.6 11.8 

6.5 9.7 

6.4 IOS SS 

6.3 OD 

6.2 8.2, 14.3 

6.1 8.0, 9,3 

6.0 | 5.0 

5.9 | 6.8, 5.8 

5.8 OEM 2 ESNOPONOLS 
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The percentage of morphologically good pollen in JK3 was 9.5 %, which certainly 
was not the lowest. Clone 413 had the lowest value (5.0 %). 

Further observations showed that the percentages of morphologically good pollen 
may vary with locality, year, and time of the flowering season. Within a week the per- 
centage of morphologically good pollen rose, in one case, from 8.3 to 18.3 %. In 
another part of the season there were sharp drops, e.g. from 22.7 to 6.3 %. Some other 
observations are shown in tables 4 and 5. 


TABLE 4. INFLUENCE OF LOCALITY AND YEAR ON PERCENTAGE OF 
MORPHOLOGICALLY GOOD POLLEN 


Locality Wageningen Heemskerk 
Plantec mm 1950 1951 ? 
Year of observation . . 1950 1951 1951 195005 
Bad clone TEESE 5 AE STELE (tOM G 
Good clone JES .. | 229 11:5 26.0 17.0 7.6 

B 9 TK 22 9.7 


TABLE 5. PERCENTAGES OF MORPHOLOGICALLY GOOD POLLEN IN GREENHOUSE (UNHEATED) 
AND OPEN AIR 


Year Greenhouse Open air Average 
| 
Badrclone JK3 . … | 1950 8.5 Spil 11.8 
1951 | 10.3 Ts 9.0 
Average 9,4 11.4 
Good clone JK2 . . . 1950 14.2 22.4 18.3 
1951 959 9,7 | 9.8 
Average 12.05 16.05 


From all this the conclusion can be drawn that good clones may have a tendency 
to produce a somewhat higher percentage of morphologically good pollen than bad 
ones. This may be a factor in the formation of nubbins. But the influence of the growth 
conditions is so important that nothing definite can be said if the observations are not 
made under controlled conditions. 

À study of meiosis in the anthers of clone JK3 showed nothing out of the common. 
The pairing of the chromosomes was nearly always complete. Tetravalents and tri- 
valents were not found, and only sporadically some univalents. Where counting ‚was 
possible, always 28 bivalents were counted. The production of tetrads was normal. 
Degeneration of young pollen was not observed. Possibly the critical period is about 
the first pollen mitosis which was not examined. 


4. PRELIMINARY PHYTOTRON INVESTIGATIONS ON THE INFLUENCE OF TEMPERATURE 


The observations on the percentage of nubbins and on the pollen quality indicate a 
strong influence of the growth conditions. In order to be able to learn what really 
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happens, a further study of the phenomena under controlled conditions seems un- 
avoidable. A. preliminary step into this direction proved promising already. 

As we have seen above there are indications that raw weather may be harmful to 
fruit setting in Jucunda. Of course this is a combination of several components. In 
order to start an analysis of this combination we made two experiments on the influence 
of temperature. 

To this end potted 1- and 2-year-old plants of the Jucunda clone JK2, which had 
passed the winter in a cold frame, were transferred to the growth rooms of the phyto- 
tron in spring, shortly before the first flowers opened. They were kept there at different 
constant temperatures, until the third-order fruits ripèned off and were harvested. A 
clone of the normal-setting variety Deutsch Evern was used as a control. During 
flowering pollination was carried out daily with a brush, using pollen of plants of the 
same clone kept at the same temperature. The mature fruits were harvested separately, 
and of each fruit the degree of setting was scored on a scale of 0-4 (see fig. 3). As the 
reaction to temperature was the same in the l-year- and in the 2-year-old plants, the 
data of both groups at each temperature have been taken together. 


0 l 7 5 — 


Ln ATEN 


Fig. 3. DIFFERENT DEGREES OF FRUIT SETTING IN JUCUNDA. THE SCORES AS USED IN THIS INVESTIGATION, 


ARE PLACED ABOVE THE FRUITS | 
| 


The first experiment was made in 1954; it included the temperature range of 17, 20, 
23 and 26°C. The second experiment followed in 1955; it included the temperature, 
range of 10, 12, 14, 17 and 20°C. | 

The average scores are presented graphically in fig. 4. | 


According to the scores at 17 and 20°C in 1954 and 1955, fruit setting was a litt} 
better in 1954. But the difference is small in comparison with the difference shown | 
1955 by the scores of the two varieties at 10, 12, and 14°C. 

The scores for fruit setting of Deutsch Evern are about the same for all temperatures 
They are between 2.3 and 3.4 over the whole range. | 

For Jucunda the scores are between 1.6 and 3.0 for the temperature range of 17 t 
26°C, but they drop to zero for the range of 10-14°C. | 

So it seems that fruit setting in Jucunda is very sensitive to temperatures of 14°C an | 


lower. | 
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Fig. 4. FRUIT SETTING OF THE VARIETIES DEUTSCH EVERN ( ) AND JUCUNDA (- - - -) AT A RANGE 
OF SEVEN TEMPERATURES, FROM 10 TO 26°C. THE DOTS INDICATE THE AVERAGE SCORES FOR 
FRUITSETTING (FROM 0 TO 4) AT A CERTAIN TEMPERATURE 


SAMENVATTING 


Slechte vruchtzetting in aardbeien. IH. Misvormde vruchten of “kattenogen’’ 
in Jucunda 


|. Dit is een verslag van een oriënterend onderzoek naar de oorzaak van onvoldoende 
vruchtzetting in het aardbeiras Jucunda, speciaal van de kloon JK3. 

2. Uit veldproeven werd geconcludeerd: 

a. dat guur weer het percentage ‘kattenogen’ in Jucunda verhoogt, speciaal in 
kloon JK3, en 
b. dat tussenplanting met een ras met een goed stuifmeel (Deutsch Evern) het per- 
centage kattenogen kan verlagen. 

3. Onvoldoende bestuiving kan ontstaan in het midden van te dichte bedden. 

. Bijen verbeteren de vruchtzetting van Jucunda niet. 

„ Gewoonlijk is de ontwikkeling van goede meeldraden in Jucunda niet overvloedig, 

hetgeen betekent dat de hoeveelheid stuifmeel gering is. 

6. De kwaliteit van het stuifmeel (als % morphologisch goede pollenkorrels) van JK3 
is soms iets lager dan dat van de goede Jucunda klonen. 

7. De reductiedeling in de helmhokjes van JK3 was normaal. 

8. De vruchtzetting van Deutsch Evern was goed bij alle temperaturen in de reeks van 
10-26°C, terwijl die van Jucunda slechts goed was bij 17-26°C. Bij 14°C of lager 
vond in Jucunda in het geheel geen vruchtzetting plaats. 

9. Daar dit type van onvruchtbaarheid sterk door de groeiomstandigheden van de 
planten wordt beïnvloed, zal het verdere onderzoek onder gereguleerde omstandig- 
heden plaats vinden. 
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ABSTRACT 


In this article the 220 titles of old and new books dealing with general plant breeding 
described in Euphytica 7 (1958): 197-221 are supplemented. In total 15 new titles are 
mentioned. The old and new books in Czech, Japanese, Portuguese and Turkish are 
commented upon. The attention is also drawn to new books which appeared after the 
publication of the first article. 


1. INTRODUCTION 


Books on general plant breeding have been published in various countries and in 
different languages. A survey has been given in a previous article (I). 

Several colleagues have drawn my attention to some older books which have been 
overlooked, while since the publication of the first article some new books have ap- 
peared. 

First a survey will be given of the handbooks on general plant breeding in some 
countries which have not or insufficiently been mentioned in the previous article. Then 
follows a supplementary survey of titles of old and new books dealing with general 
plant breeding. Undoubtedly also this survey is still incomplete. The author would 
therefore greatly appreciate if new additions could be made. 

As for this stock-taking of books a continuous numeration is desirable, the number 
of these supplementary books follow after No 220 of the first article. 


2. BOOKS DEALING WITH GENERAL PLANT BREEDING 


In order to make the first article not too long, only books on general plant breeding 
were mentioned and for convenience subdivided according to language of publication. 
The following languages were treated: 


Number of titles Number of titles 
À. Chinese 5 G. German 46 
B. Czech 14 H. Greek 2 
C. Danish 4 1. Hungarian 6 
D. Dutch 10 J. /talian 6 
E. English 54 K. Japanese 18 
F. French 13 L. Norwegian 2 
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Number of titles Number of titles 
M. Polish 1 P. Swedish 4 
N. Russian 23 Q. Yugoslavian 7 
O. Spanish ) 


More details have been received on books in Czech and Japanese while a survey of 
books on general plant breeding in Portuguese and Turkish has been added. 


A DO 


10. 


iS 


12. 


226. 


19. 


IN CZECH 


. BROZEK, A., Nauka o dèdiënosti (Heredity). Praha. 1930, 218 pp., 76 figs. 
. Dugsky, V., Uslechtování rostlin (Plant breeding). Praha. 1952, 201 pp. 
. HRUBYy, K., Tvoïíme s piírodou (Creating hand in hand with Nature). Praha. 1946, 


511 pp., 150 figs. 


. HRUSKA, L., Sovëtské metody Slechténí hospodáïskyck plodin (Soviet methods 


of breeding agricultural plants). Praha. 1951, 88 pp. 

IVANOV, A. P. and Sisov, IL. A, Slechtëní a semenáïství polních plodin (Breeding 
and seed production of field crops). Praha. 1953, 461 pp., 127 figs. (Translated 
from the Russian). 

JABLOKOv, A. S., Slechtëní dievin se základy lesního semenáïství: Cást 1. 
Genetica (The breeding of forest trees and the principles of forest seed production). 
Praha. 1954, 197 pp. (Translated from the Russian). 

Juriev, V.J., et al., Vöeobecné Slachtitelstvo a semenárstvo polnych plodin 
(General breeding and seed growing of field crops). Bratislava. 1953, 523 pp, 
170 figs. (Translated from Russian into Slovak). 


. Koënar, K., Nástin zuslechtování zemèëdëlskych plodin (A treatise on agri- 


cultural plant breeding). Praha. 1926 (2nd. ed. 1946, 224 pp., 88 figs.). 
KoënNar, K., Rostlina ve sluZbách &loveka (The plant as an aid of man). Praha. 
1946. 146 pp). 


. Linpqussr, B., (Genetics in Swedish forestry practice). Bratislava. 1959, 165 pp., 


67 figs. (Translated from the Swedish. 


„ MACcKOvíK, J., Zuslechtování rostlin dle praktickych zkuseností (Practical plant 


breeding). Praha, 1920, 56 pp. 


. Porová, G. M., Speciální Slechtëéní polních plodin (Practical manual on field crop 


breeding and seed growing). Praha. 1953, 432 pp, 105 figs. (Translated from the 
Russian). 


„ Rop, J., Obecné Slechténí a semenáïství (Practical plant breeding and seed grow- 


ing). Praha. 1956, 256 pp., 108 figs. Mimeographed. 


. SteuríK, V., Slechtèní rostlin (Plant breeding. Vol. II. Breeding of agricultural 


crops). 1959, 750 pp. 
TURBIN, N. V., Genetika a základy selekce (Genetics and the fundamentals of plant 
breeding). Praha. 1952, 312 pp., 82 figs. (Translated from the Russian). 


In 1920 a booklet called Practical plant breeding was published by MACKOvÍíK (15), 
while at the same time the German handbooks on general plant breeding were much 
used in Czechoslovakia. 
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In 1926 Koénar (13) wrote a book on general plant breeding in Czech and by that 
filled a need for that country. His Treatise on agricultural plant breeding is the first and 
mostly used handbook. In 1946 appeared a second edition. In the same year KOËNAR 
published also a popular book on The plant as an aid of man (226), while HRUBYy (8) 
wrote a book mainly dealing with practical plant breeding. 

In 1951 appeared HRUSKA’s book on Soviet methods of breeding agricultural plants 
(9). DuBsky’s book Plant breeding (T) was issued in 1952. 

Recently many Russian books have been published in Czech: TURBIN (19) in 1952; 
in 1953 Porová (16), IVANOV and Sisov (10) and JURIEv, et al (12). In 1953 also ap- 
peared a translation of MICHURIN's Works vol. 1, followed by vol. Hin 1955. In 1954 
a translation of JABLOKOV’s Breeding of forest trees and the principles of forest seed 
production (11) was issued. 

In 1956 Rop (17) published his Practical plant breeding, which is used at the agri- 
cultural universities. In 1959 a translation of LiNpQuisT’s Genetics in Swedish forestry 
practice (14) was published. 

Quite recently Breeding of agricultural crops, vol. II of a handbook by SrenLíK (233) 
for University students has appeared; this book is based on a manuscript which was 
awarded a prize in 1945 and which is now being published in collaboration with other 
breeders. Vol. 1. General plant breeding and vol. II Seed production are being prepared. 


IN JAPANESE 


208. AKEMINE, MAsAO, (Crop breeding). Tokyo. 1921, 456 pp, 104 figs. 

209. ARASHI, K. and TAKAHASHI, M., (Principle and practice of plant breeding). Tokyo. 
1951, 453 pp., 71 figs. 

210. AsAML, Yet al, (Breeding of cultivated plants). Tokyo. 1954, 684 pp, 163 figs. 

161. Bamey, L. H., (Plant breeding). (Translated in Japanese by D. KARASHIMA). 1907. 

211. Courrer, J. M., (Principies of plant breeding). (Translated in Japanese by Y. 
KAKIZAKI). Tokyo. 1920. 273 pp., 96 figs. 

212. KAGAWA, Fuyuo, (Plant breeding by interspecific and intergeneric hybridization). 
Tokyo. 1957, 555 pp., 187 figs. 

213. KATAYAMA, YOSHIO, (Plant breeding). Tokyo. 1956. 196 pp., 49 figs. 

162. Linpqusst, B. (Genetics in Swedish forestry practice). (Translated in Japanese by 
R. Topa). 1954, 155 pp., 67 figs. 

214. MINAMI, SADAJL, (Lectures on plant breeding). Tokyo. 1926, 444 pp., 84 figs. 

215. NAGAO, MASATO, (Outlines of plant breeding). Tokyo. 1949, 370 pp., 91 figs (2nd 
ed. 1955, 338 pp., 70 figs.). 

216. Nogcveny, YAKICHI, (Non-Mendelian plant breeding). Tokyo. 1941, 292 pp., 
54 figs. 

163. SAKAL K., (Science of plant breeding). Tokyo. 1952, 342 pp. 72 figs. (2nd ed. 
1956, 364 pp, 75 figs.). 

164. SAKAI, K., TAKAHASHI, R. and AKEMINE, H. (Studies of the bulk method of plant 
breeding). Tokyo. 1958, 351 pp. 

230. SATô, K., (Forest tree breeding). Tokyo. 1949, vol. 1, 238 pp., 71 figs.; 1950, 
vol. 2, 521 pp., 113 figs. (2nd ed. 1953). 

231. SATô, K., (Practical forest tree breeding). Tokyo. 1957, 152 pp. 45 figs. 
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217. Sô, MAsAO, (Lectures on plant breeding). Tokyo. 1926, 748 pp., 63 figs. 

218. SYAKUDô, KATUMI, (General plant breeding). Tokyo. 1950, 294 pp., 46 figs (2nd 
ed. 1958, 420 pp., 112 figs). 

219. TAKEZAKI, YOSHINORI, (Experimental plant breeding). Tokyo. 1924, 189 pp, 
15 figs. 

220. TERAO, Hrrosm1, (Principles of plant breeding). Tokyo. 1931, 96 pp, 16 pl. 

234. Topa, R., (Forest tree breeding). Tokyo. 107 pp., 15 figs., 3rd ed. 1956. 

165. VRIES, H. pe (Plant breeding). (Translated in Japanese by Y. TAKEBAYASHY). 
Tokyo. 1914. 

In 1907 appeared a translation in Japanese of BAILEY’s Plant Breeding (161) and in 
1914 a translation of DE VRIES’ Plant Breeding (165). 

The Japanese translation of COULTER’s Principles of plant breeding (211) in 1920 was 
followed in 1921 by AKEMINE's Crop breeding (208) in which the breeding of Japanese 
crops was popularly treated. 

In the following years regularly new Japanese books dealing with plant breeding 
appeared. TAKEZAKI's Experimental crop breeding (219) in 1924 contained a popular 
treatment of the principles of plant breeding. Sô’s Lectures on plant breeding (217) 
in 1926 treated the principles and the breeding practice of Japanese crops. MINAMI 
(214) in 1926 published a book on plant breeding destined for instruction in secondary 
schools, while TERAO’s book Principles of plant breeding (220) published in 1931, was 
on a high scientific level. 

From the foregoing it is clear that round 1931 there were Japanese textbooks on 
different levels to fill the need of breeders and students. 

NogucHi (216) published in 1941 a book on the experimental data of polyploidy 
breeding. 

In 1949 NAGAO (215) and in 1950 SYAKUDôÔ (218) published textbooks for instruction 
of University students and in recent years several textbooks dealing with plant breed- 
ing appeared in the Japanese language. A practical book for plant breeders was written 
by ARASHI and TAKAHASHI (209) while in 1952 SAKAT's (fig. 2) excellent textbook (163) 
for instruction of University students was published. This book gives in Part [the ge- 
netical principles, in Part HI recent advances in the study of plant breeding, in Part HI 
methods of plant breeding and finally in Part IV field trials. This book has been 
revised in 1956 and Part V was added as supplementation comprising statistical 
genetics. 

In 1954 appeared a textbook by AsAMI et al (210) with detailed breeding data of 
food crops, industrial crops, forage crops, vegetables, forest plants, etc. That forest 
tree breeding enjoys much interest in Japan appears from the handbook of SATô (230, 
231) and of Topa (234), while a translation of LiNpQuist’s Genetics in Swedish forestry 
practice was published (162). 

In 1955 a revised edition of NAGAO’s textbook (215) for instruction of University 
students appeared. This book has a strong genetical character. 

Recently appeared a second edition of the textbook of SAKAI (163), KATAYAMA’S 
Plant breeding (213) which was especially based on cytogenetics, KAGAWA’s (212) 
Plant breeding by interspecific and intergenetic hybridization, a second edition of 
SYAKUDô’s General plant breeding (218), and a monograph on the bulk method of 
breeding self-fertilized crops (SAKAI, et al, 164). 
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OF PLANT BREEDING, DIRECTOR OF THE OF APPLIED GENETICS, NATIONAL INSTI- 
ESTACAO DE MELHORAMENTO DE PLAN- TUTE OF GENETICS, MISHIMA, SHIZUOKA- 
TAS, ELVAS, PORTUGAL KEN, JAPAN 


IN PORTUGUESE 


236. VICTÓRIA-PIres, D. R., Técnica do melhoramento de plantas (Methods of plant 
breeding). Lisboa. 1953, 424 pp., 69 figs. 


VICTÓRIA-PIRES (fig. 1) published a textbook in Portuguese (236). His Methods of 
plant breeding also found a way to the Portuguese provinces in Africa and to Brasil. 

In eight chapters the methods of plant breeding are treated. Of the self-fertilized 
crops special attention is given to wheat, barley, oats and rice, of the cross-fertilizers 
to rye and maize, and of the forage crops to vetches, Sorghum, Lolium, Trifolium, 
alfalfa and Melilotus. 

Mutations resulting from the use of physical and chemical agents are mentioned, 
field plot techniques are described. A few tables on the number of chromosomes, etc. 
have been included. 


IN TURKISH 


221. ARAT, S., Pratik tohum islâhi (Practical plant breeding). Istanbul. 1954, 147 pp, 
15 figs. 

222. BAUR, E., Tohum islâhciliginin bilimsel temelleri (Die wissenschaftlichen Grund- 
lagen der Pflanzenzüchtung). Translated by M. Gökgöl. Istanbul. 1930, 134 pp., 
|l figs. 
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Gökaör, M., Türkiyede Tohum islâhciliginin amaclari (The aims of plant 
breeding in Turkey). Ankara. 1946, 40 pp., 4 figs. 


GÖKGÖL (222) translated BAUR’s Die wissenschaftlichen Grundlagen der Pflanzen- 


züchtung (101) while in 1946 he has given a general survey of plant breeding in 
Turkey (224). 


In 1954 appeared ARAT’s Practical plant breeding (221). 
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234. 


235. 
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237. 


ADDITIONS TO THE 220 TITLES OF OLD AND NEW BOOKS DEALING WITH GENERAL 
PLANT BREEDING MENTIONED IN THE FIRST ARTICLE 


ARAT, S., Pratik tohum islâhi (Practical plant breeding). Istanbul. 1954, 147 pp., 
15 figs. 

BAUR, E., Tohum islâhciliginin bilimsel temelleri (Die wissenschaftlichen Grund- 
lagen der Pflanzenzüchtung). Istanbul. 1930. 134 pp, 11 figs. (Translated from 
the German into Turkish by MiRzA GÖKGÖL). 

ELuoTT, F. C., Plant breeding and cytogenetics. New York-Toronto-London. 
1958, 395 pp., 103 figs. (See nr 55). 

Gökaör, M., Türkiyede Tohum islâhciliginin amaclari (The aims of plant 
breeding in Turkey). Ankara. 1946, 40 pp, 4 figs. 

HeINiscH, O., Lehrbriefe für das Fernstudium. Pflanzenzüchtung. Leipzig. 1957 
1958. 1 (80 pp.), 2 (89 pp.), 3 (66 pp.), 4no 1 (27 pp.), 4 no 2 (148 pp). 

KoënNar, K., Rostlina ve sluZbách &loveka (The plant as an aid of man). Praha. 
1946, 146 pp. 

MIiëurin, J. V., Vysledky Sedesátileté práce (The results of sixty years activities 
in the field of plant breeding). Praha. 1954, 88 pp. (Translated from the Russian 
into Czech). 

POEHLMAN, J. M., Breeding field crops. New York. 1959. 427 pp, 350 figs. 
ROHMEDER, E., und SCHÖNBACH, H., Genetik und Züchtung der Waldbäume. 
Hamburg und Berlin. 1959, 336 pp. 163 figs. 

SATô, K., (Forest tree breeding). Tokyo. 1949, vol. 1, 238 pp, 71 figs.; 1950, 
vol. 2, 521 pp., 113 figs. (2nd ed. 1953). 

SAT, K., (Practical forest tree breeding). Tokyo. 1957, 152 pp, 45 figs. 
SHAKUDÔ, KATSUMI, (General plant breeding). Tokyo. 1950 (2nd ed. 1958, 420 pp. 
112 figs.) 

SreHLíK, V., Slechténí rostlin (Plant breeding, Vol. II. Breeding of agricultural 
crops). Praha. 1959, 750 pp. Vol. 1 (General plant breeding) and Vol. III (Seed 
production) are being prepared. (See nr 18). 

TopA, R., (Forest tree breeding). Tokyo. 107 pp, 15 figs (3rd ed. 1956). 
TSCHERMAK-SEYSENEGG, ERICH VON, Leben und Wirken eines Österreichischen 
Pflanzenzüchters. Berlin und Hamburg. 1958, 208 pp, 30 figs. 

VictTÓRIA-Pires, D. R., Técnica do melhoramento de plantas. (Methods of plant 
breeding). Lisboa. 1953, 424 pp., 69 figs. 

Vorsin, J. C., Legons d'amélioration des plantes. Yaounde, Cameroun. 1958, 


47 pp. 
Dl 
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4. NEW BOOKS DEALING WITH GENERAL PLANT BREEDING 


The textbook of EruoTT Plant breeding and cytogenetics announced in the first 
article (I) has appeared in the meantime (223). Of the Czech textbook by STEHLÍK 
(233), also announced in the first article, in 1959 vol. 1 Breeding agricultural crops was 
published. 


In Japan appeared SATô’s textbook on Practical forest tree breeding (231) and also 
a second edition of SHAKUDÔ’s General plant breeding (232). 


In Africa an attractive booklet was published by VorsiN (237) which undoubtedly 
will draw attention far beyond the frontiers of Cameroons. 


The book written by VON TSCHERMAK (fig. 4) Leben und Wirken eines Österreichischen 
Pflanzenzüchters contains a wealth of data on the history of plant breeding (235). 


Since the first article was published many new instalments of the second edition of 
the Handbuch der Pflanzenzüchtung (117) have appeared. The volumes 1-IV are now 
complete. This important handbook including exhaustive references has been mainly 
edited in German. So far the following contributions have been published in English 
in volumes II-V. 


AUSEMUS, E. R., Wheat in North America. II. p. 187-216 

COFFMAN, F.A., Oats: systematics, origin, cytology, diseases and genetics of resistance, 
breeding in North America. II. p. 427-467. 

FRANDSEN, K. J., Breeding of forage beets. III. p. 284-311. 


Fro. 3. J. M. POEHLMAN (228), PROFESSOR OF FIG. 4. B. voN TSCHERMAK-SEYSENEGG (235), 


AGRONOMY, UNIVERSITY OF WISCONSIN, FORMERLY PROFESSOR AT THE UNIV. OF 
MADISON, U.S.A. VIENNA, AUSTRIA; ONE OF THE RE-DIS- 


COVERERS OF THE MENDELIAN LAWS 
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FRANDSEN, K. J., Breeding of swede. III. p. 311-326. 

FRANDSEN, K.J., Brassica leaf-and stem forage-plants. IV.p. 525-530. 

GOODSPEED, T. H., Systematics of the Genus Nicotiana; Biology of flowering and 
seed production. V.p. 115-135. 

HAWKES, J., Potatoes: cytology and crossability. II. p. 1-39. 

JENKIN, T. J., Fescue species (Festuca L.) IV. p. 418-434. 

JENKIN, T. J., The ryegrasses (Lolium L.). IV. p. 435-452. 

JOHNSON, H. W., Soybean breeding. V. p. 67-88. 

Mac Key, Oats: Morphology and genetics, breeding of oats. IL. p. 467-531. 

MARTIN, J., Sorghum and pearl millet. IL. p. 565-587. 

Myers, W. M., Alfalfa. IV. p. 114-136, 173-213. 

Myers, W. M., The Wheatgrasses (Agropyron spp.). IV.p. 503-524. 

SEARS, E. R., Wheat: systematics, cytology and genetics. II. p. 164-187. 

SPRAGUE, G. F., Maize: general considerations and American breeding work. II. 

p. 103-143. 

VALLEAU, W. D., Tobacco: variability and genetics, special methods and general 

breeding methods .V.p.135-152. 


In Germany a new textbook was published by ROHMEDER and SCHÖNBACH (229) 
on forest tree breeding, while the ““Lehrbriefe für das Fernstudium Pflanzenzüchtung” 
(Letters on plant breeding for continuative courses) has been written by O. HEINISCH 
(225). 

I have pleasure in mentioning at the end of this survey a book written by POEHLMAN 
(fig. 3), Breeding field crops (228). It is to be expected that this attractive book with 
separate chapters on the breeding of wheat, oats, barley, rice, flax, tobacco, soybeans, 
corn, sorghum, cotton, sugar beets and forage crops which has been written especially 
for students of plant breeding, will be also read by many breeders in and outside the 
United States. 


SAMENVATTING 


Oude en nieuwe boeken op het gebied van algemene plantenveredeling. 


2. Eerste aanvulling 


In dit artikel wordt een aanvulling gegeven op de 220 titels van oude en nieuwe 
boeken op het gebied van de algemene plantenveredeling, die met een omschrijving 
gepubliceerd werden in Euphytica 7 (1958). In totaal worden 15 aanvullingen vermeld. 
Van de oude en nieuwe boeken in de Japanse, Portugeese, Tsjechische en Turkse taal 
is een omschrijving gegeven. De aandacht wordt gevestigd op de sedert het afsluiten 
van het vorige artikel nieuw verschenen boeken. 


REFERENCE 
I. HAAN, H. De, Old and new books dealing with general plant breeding, Euphytica 7 (1958): 197-221. 
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ÄBSTRACT 


Tolerance to manganese toxicity in lucerne, assessed from four different seedling 
criteria in the selfed and crossed progenies of 4 parents, gave high heritability, as 
estimated from a parent-progeny regression analysis, interpreted under the assumption 
of autotetraploid inheritance. Genes controlling this character were therefore assumed 
to be additive and to have low or no dominance, thus increasing the effectiveness of 
selection. 


INTRODUCTION 


The problem of estimating heritability of tolerance to manganese toxicity in lucerne 
is complicated by the fact that tolerance is a physiological character which is difficult 
to measure directly on a metrical scale. It can however be assessed from: 1. toxicity 
symptom ratings; 2. manganese content; 3. the percentage reduction in dry weight; or 
4, the reduction in size of the unifoliate leaf, when lines are grown in a toxic (100 
p.p.m.) compared to a non-toxic (0.5 p.p.m.) concentration of manganese. The first 
of the above measurements may be easily biased by subjective influences, whereas the 
last two may be greatly affected by environment. Another difficulty arises from the 
fact that when seedlings are used, as in the present investigation, the parents themselves 
are not available, but only their selfed progenies. If the variation is entirely genetic and 
additive, the regression coefficient of the F‚ progeny on the mean selfed progeny of the 
parents is expected to be 1 and to have a low standard deviation. On the other hand, if 
dominance and non-allelic interactions are present, the regression coefficient will 
deviate from unity and the standard deviation will be high, thus indicating compara- 
tively low heritability. Environmental variation will tend to increase the standard 
deviation without causing systematic disturbance to the regression coefficient, as- 
suming of course that genotype-environment interactions are absent. In the present 
investigation the regression of the F,‚ on the means of the parental selfed progenies has 
been calculated for each measure of tolerance to manganese toxicity. 


MATERIAL AND METHODS 


Four plants were selfed and crossed in all possible combinations. Crossing was done 
without emasculation, since foreign pollen is known to have a selective advantage in 
fertilization. Plants MT-1, MT-2 and MT-3 had been selected from a cross highly 
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tolerant to manganese toxicity, whereas 49-2700 is an unrelated plant known from 
previous investigations to be highly susceptible. 

The seeds, scarified by means of a razor blade, were placed in holes 3” deep in silica 
sand, previously washed and watered with the appropriate nutrient solution. The one- 
gallon earthenware glazed pots each contained four selfed lines or F’ families in rows 
of ten seeds. Manganese was supplied in concentrations of 0.5 and 100 p.p.m. in 
addition to the modified Hoagland’s solution, previously described by OUELLETTE and 
DESSUREAUX (3). The nutrient solution was given at weekly intervals or more fre- 
quently whenever necessary. Lines within each manganese concentration were re- 
plicated ten times in a balanced lattice square design. However the data were analyzed 
on the basis of randomized blocks, since the variation between jars did not seem to 
justify using the more complicated method. 

Most seeds germinated between the fourth and seventh day. All seedlings which 
emerged on the tenth day or after were eliminated in order to increase the precision of 


the experiment. In general germination was satisfactory except for the selfed progeny 
OE MT-2. 


EXPERIMENTAL RESULTS 


Toxicity symptom ratings 


At the time of harvest, each line was rated from 0 to 5 for symptoms of manganese 
toxicity (O for absence of symptoms). The average ratings are recorded in table 1. 
Inbreeding depression occurred for this character. The selfed progenies averaged 3.16, 
whereas the crossed progenies rated 2.87. There were no reciprocal differences, and 
the regression of the F‚ on the means of the parental selfed progenies, shown graphi- 
cally in fig. 1-A, was not significantly different from unity. However the relatively high 
standard deviation may be interpreted as indicating that heritability is not complete, 
either due to environmental variation or to inconsistent readings. 


Manganese content 


The manganese content of each family, determined on the young seedling shoots, 
is reported in table 1. Differences between lines could not be measured statistically 
because the replicates were bulked before chemical analysis was undertaken. The 
regression of F‚ on the means of the parental selfed progenies, shown in fig. 1-B, is of 
slope 1 and has a relatively low standard deviation, indicating high heritability. 


Percent reduction in dry weight 


Yield of dry matter was determined when the seedlings were 35 days old and is 
reported in table 1. The concentration of 100 p.p.m. of manganese reduced dry weight 
on an average by 66.2 % as compared with 0.5 p.p.m. S“ace the interaction of lines with 
manganese concentrations (table 2) was highly significant, the percentage of yield re- 
duction can be calculated for each family and used as an estimate of the degree of 
tolerance. Percentages were transformed into angles before calculating the regression 
statistics. The regression line, shown in fig. 1-C, was of slope 1 with a relatively low 
standard deviation suggesting very high heritability. It is interesting to note that the 
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TABLE |. SYMPTOM RATING, MANGANESE CONTENT, DRY WEIGHT AND LENGTH AND BREADTH OF THE UNIFOLIA 


LEAF IN A 4 X 4 DIALLEL GROWN IN TWO CONCENTRATIONS OF MANGANESE 


| Dry weight Unifoliate leaf 
| ‚Toxicity 
Ref. M 
En: Se | symp pd En Ne 100 Length Breadth 
ratings p.p.m. | p.p.m. 0.5 100 0.5 1 
p.p.m. | p.p-ms | p.p:mM ISD 
p.p.m. mg. mg. mm. mm. mm. m 
MT-1 selfed | — | 2.8 406 170 71 127 10.4 159 1 
MT-2 be 2.8 392 182 71 15.6 11.6 17.8 lb 
MT-3 ek — 2.8 466 169 61 13.0 10.0 15.0 ik 
49-2700 sn |= 4.2 488 180 29 lle2 A2 14.5 
MT-1 x MT-2 0 2.1 380 fs) 5 13.4 IL 16.6 il 
4 x MT-3 DE 2.6 428 WS 70 (12259) 10.0 15.0 i 
> _X 49-2700 3 3.4 428 199 58 11.9 9.1 RS il 
MT-2 x MT-1 | 1 213 | 384 217 85 14.5 iS 17.8 IE 
MIES 4 203 398 181 76 13.9 11.1 17.0 L 
49-2700 5 | 3.0 380 224 69 13.6 10.6 17.0 ig 
MT-3 x MT-1 D 2.4 404 196 78 13.0 10.5 1527 1 
MID A | 3.0 428 197 67 13.9 10.7 16.6 
… _X 49-2700 6 VD 448 210 Si 12.4 9.1 15.5 1 
49-2700 x MT-1 | 3 3.6 416 200 65 11.9 9.3 15.8 1 
ee DME 25 3.2 460 254 61 IRS 9.7 16.3 1( 
ps Xx MT-3 | 6 3.4 478 213 57 12 8.8 15.0 1( 
AVElAS CEN DG) — 195 66 13.0 10.0 16.1 il 
SD MOOI | 0.5 — 28.9 13.0 0.6 0.7 0.8 0. 
DIO ee | 0.7 — 38.1 (ED 0.8 0.9 1.0 0. 
(ENE | 20.4 % — WRTS DDI SON 7.855 Ze NA 


grouping of the points at each extreme of the regression line was similar to the one 
obtained with symptom ratings in fig. 1-A. 


Percent reduction in unifoliate leaf size 


The length and breadth of the unifoliate leaf of each seedling was measured some 
time after the appearance of the second trifoliate leaf, on the assumption that no 
further measurable expansion was taking place after that stage of growth. Measure- 
ments were made in millimeters by using squared paper and are reported in table 1, 
for each concentration of manganese. The average reduction in length and breadth of 
the unifoliate leaf due to the high concentration of manganese was 23.1 % and 29.2 % 
respectively. It is evident that manganese toxicity was operative very early in the life 
of the seedling when manganese was fed at a concentration of 100 p.p.m. The signifi- 
cance of the interaction of lines with manganese concentrations, shown in table 2, 
indicates that the percent reduction in length and breadth of the unifoliate leaf provides 
another estimate of the degree of tolerance to manganese toxicity. The percentage 
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Fig. 1. REGRESSION OF F, MEANS ON THE MEAN SELFED PROGENIES OF THE PARENTS AS TOLERANCE TO 
MANGANESE TOXICITY IS MEASURED BY TOXICITY SYMPTOMS (À), MANGANESE CONTENT OF THE 
SHOOTS (B), PERCENTAGE REDUCTION IN DRY WEIGHT (C) AND PERCENTAGE REDUCTION IN 
LENGTH AND BREADTH OF THE UNIFOLIATE LEAF (D) 


reduction, calculated from both length and breadth data, was transformed into angles. 
The regression coefficients, illustrated in fig. 1-D, were not significantly different from 
l and the error deviations were relatively low suggesting high heritability. The agree- 
ment in the distribution of the points along the regression line is remarkable for both 
length and breadth data. 


DISCUSSION 


The parent-progeny regressions are generally expected to give a reliable measure of 
heritability when the additive component of the genetical variance is large, and do- 
minance and non-heritable variations are relatively low. However, for any practical 
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TABLE 2. ANALYSIS OF VARIANCE FOR DRY WEIGHT AND UNIFOLIATE LEAF LENGTH AND BREADTH 


Mean squares 
Source of variation DE Unifoliate leaf 
Dry weight 

Length Breadth 
Manganese concentrations … . l 1R33OIO8 Ten AD SOE (SS Te 
Biot (OD) reen ee: 19 NS 1.30 (83 
LIES MERE ET 15 3,812 A sn WSO 
Lines x Mn concentrations. . 15 4,003 ** Wigi es IRIS 
Error (B) cant wesen RE: 268 643 5 0.57 0.71 
LOLA Me PAR Ene A ARE 318 — — = 


* Significant at 1 % level 
** Significant at 5 % level 


plant breeding prediction, a good estimate of the approximate value of heritability in 
the narrow sense can be obtained directly from the parent-progeny regression. This 
gives an estimate of the fixable genetic variation and hence of the probable effective- 
ness of selection. These expectations are valid whether inheritance is disomic or tetra- 
somic. 

The autotetraploid genotypes have recently been specified by DESSUREAUX (in 
press). From a diallel cross table based on one-gene model the expected regression of 
the F‚’s on the mean selfed progenies of the parents can be worked out. This will have 
a coefficient of 1 in the absence of dominance and the only deviation from linearity 
will be caused by random variation. However dominance causes the regression to 
deviate from unity, the coefficient decreasing and the standard deviation increasing 
due to a greater scatter of points about the straight line. This deviation reaches a 
maximum with complete dominance. 

In the present investigation all four measures of tolerance to manganese toxicity, 
especially those from manganese contents and from percent reduction in dry weight, 
gave regression coefficients and standard deviations which suggest high heritability. 
Similarly high heritability of reaction to common leaf spot in lucerne has also been 
reported by ADAMS and SEMENIUK (1). The degree of dominance in this material could 
also be estimated by the diallel method of analysis on the assumption of tetrasomic 
inheritance. The difficulty of estimating the environmental variance for the characters 
concerned did not allow the use of the diallel eross method in this instance. 

Since the parents were not a random sample of the population, caution must be 
used in giving a generalized interpretation to these data. However the selection of the 
parents was such as to allow for a relatively wide but incomplete range of genotypes. 
Similarly the limit of selection cannot be predicted because the number of genes in- 
volved are not known. However the results show that response to selection for toler- 
ance to manganese toxicity should be effective if the selfed-progeny test in the seedling 
stage is used to identify the most tolerant genotypes. 
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SAMENVATTING 
Erfelijkheid van tolerantie tegen mangaanvergiftiging bij lucerne 


Tolerantie tegen mangaanvergiftiging bij lucerne, bepaald met behulp van 4 criteria 
in nakomelingschappen verkregen door zelf bestuiving en kruisbestuiving van 4 ouders, 
vertoonden een hoge graad van erfelijkheid. Dit werd vastgesteld met behulp van een 
regressie-analyse der nakomelingschappen, geïnterpreteerd op basis van autotetra- 
ploide overerving. 

Verondersteld werd dat de erffactoren voor deze eigenschap een additieve werking 
hebben en een geringe of geen dominantie vertonen, zodat daardoor het effect van 
selectie gunstig wordt. 
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ABSTRACT 


In the writer’s opinion there is a need for more efficient publication on plant breed- 
ing subjects and for new specialized journals of international significance. 

He considers Euphytica as an experiment. In his imagination he sees in the future 
some new periodicals on plant breeding, published in English, and national as con- 
cerns editors and contributors. An international journal on plant breeding with trans- 
lations of important articles (Japanese, Russian, Italian, Spanish, etc.) in English 
would fill a need. 


Ll. INTRODUCTION 


Everyone who is keenly interested in plant breeding as a branch of science will 
know that many results of the research on plant breeding are published and that 
several specific periodicals have been founded (3). The description of research and 
efficient publication of the results are of paramount importance. 

Although research in the field of plant breeding is carried out in many countries, 
only part of the results reach a wide public. On the one hand there are several research 
workers who cannot bring themselves to summarizing their data in a manuscript, on _ 
the other hand there are many investigations which are published in a little known _ 
language and/or in periodicals that generally do not reach the breeding institutes _ 
or the breeders. 

In the latter cases Plant Breeding Abstracts will render valuable services to draw 
attention to the old and new literature; however, only the articles published in a _ 
language intelligible to the reader will be studied. 

The conclusion is that, viewed from an idealistic standpoint, the efficiency in publi- | 
cation of breeding research leaves much to be desired. 


2. MANY RESULTS OF PLANT BREEDING RESEARCH REMAIN UNPUBLISHED 


j 

Many data collected and results obtained both at private establishments and of- | 
ficial institutions, never reach the stage of publication. | 
Results obtained by private breeders will in only very few cases be worth keeping | 
secret. The reason why many research workers of private establishments never publish L 
their results is that they have to do much other research for economic exploitation of | 
the plant breeding establishment for which they are working. However, even for them | 


itis true that through writing a manuscript one’s insight is improved, often new ideas 
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arise, and that often many contacts are made. Scientific publication could also be a 
great help to propaganda of the plant breeding establishment. 

Many research workers of official institutes are continuously tackling new problems 
and therefore often fail to complete parts of work already in progress. When they die 
they take their knowledge with them into the grave, for a successor hardly ever 
succeeds in working out the data collected by his predecessor and writing a manuscript 
about it. However, an all-round research worker who writes a good publication gives 
permanent evidence of the fruitfulness of his work. 

It would be of value if the amount of unpublished results could be reduced, possibly 
with the aid of agricultural translators and editors who are specially trained for the 
job. 


3. THE SIGNIFICANCE OF AN EFFICIENT WAY OF PUBLISHING 


Specialized journals 


It is not only important to write publications, but also to publish efficiently. There is 
a need for specialized journals of international standing, both as concerns language 
and contents. The issues of scientific plant breeding journals are the vehicle through 
which the results of research are transferred to investigators and breeders in other 
parts of the world. Publishing plant breeding research in general periodicals would seem 
to be burying the articles, unless such a general journal contains articles on plant 
breeding so frequently that most plant breeding institutes and private breeders have 
a subscription (DE HAAN, 3). 


English language 


Efficiency of publication can be increased in another way, viz. by using a common 
language. It is noticeable that many textbooks, monographs and articles dealing with 
plant breeding are very onesided as concerns language of the bibliography (DE HAAN, 
5). This leads to the conclusion that publications in other languages have escaped the 
attention of the authors. 

English is one of the most widely-known languages; in vast areas English is the 
language used, or research workers have sufficient knowledge of English to read the 
publications in English. French, German, Spanish and Italian reach smaller circles, 
while the many valuable publications in Russian and Japanese remain unread in 
Western circles. 

In many countries the native language is used, sometimes with a summary in 
English. But viewed from an international standpoint it is more favourable to write 
a scientific article in English. Experience has taught us that the use of English is not an 
obstacle for publication in the native tongue. This is clear since the readers of scien- 
tific plant breeding journals of international significance are different from those of 
journals in the native language. Specialists have their colleagues mostly abroad; only 
a few countrymen are working on the same scientific problems. Moreover, publications 
from foreign authors are the source of their references, provided they are written in an 
international language. 
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A specialized journal in English containing translations of important articles published 
in other languages would fill a need 


It might be questioned how far articles published in German are intelligible to 
research workers and breeders in the enormous areas of English speaking peoples and 
in other areas where the English is understandable but not the German language. The 
same holds for publications in French, Spanish, Italian, Russian, Chinese, Japanese, 
etc. (and also for articles in Dutch, though since 1952 the most important articles of 
Dutch origin were published in Euphytica in English). 

It could be suggested, therefore, to start an international journal of plant breeding 
edited in English which would undertake the translation and publication of important 
articles written in other languages (including articles already translated but not 
published in English). When it is considered that the above-mentioned articles 
published in other languages are based on investigations taking many years and in- 
volving large sums of money, it will be possible to spread the results with relatively 
little money since they are then “adapted” to peoples for whom the English language 
is understandable and who through their subscription will support the exploitation. 

It seems worth while to consider the organization and exploitation of such an inter- 
national periodical and, for the time being, to take intermediate steps in that direction 
in order to reach the final aim. 


Foreign subscriptions as basis for the exploitation 


In my opinion improvement of publications in the field of plant breeding can be 
achieved in the first place by the foundation of periodicals of international significance 
with a national character in as far as contributors are concerned; however, the lan- 
guage should be English. Such a periodical may be more easily adapted to the working 
programme of an institution of research or an association of geneticists and plant 
breeders, than an international journal whose contents are derived from international 
sources. Moreover, the national character stimulates publication of more research 
performed in the country concerned. 

Government or public support can encourage the establishment of autonomous 
scientific plant breeding journals. Foreign subscriptions should be the basis for the 
exploitation of the above mentioned scientific plant breeding journals with a national 
character. 


More plant breeding journals in the near future 


In my imagination l see in more countries periodicals published in English in the 
near future, the editors. being able to help prospective authors in working out their 
manuscripts. 

If in more countries a good journal on plant breeding could be founded, easily 
accessible through the use of English, there would be a great impetus for the extension 
of plant breeding as a science. In general there is a fear of financial consequences, but 
experience with Euphytica has shown that the exploitation of a plant breeding journal 
with an international circulation is more a matter of organization and management. 
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As the library of the Institute of Agricultural Plant Breeding at Wageningen is 
willing to help other institutes to establish or reorganize their libraries (DE HAAN, 2), 
so Euphytica is ready to exchange experiences. This information would be of following 
nature: 


l. The most efficient way of publication. 

2. Government and public support to stimulate efficient publication. 

3. Foreign subscriptions as a basis for the exploitation of a plant breeding journal 
with an international circulation. 

4. Printing costs of a specialized journal. 

5. Administration of a journal. 

6. Sources of addresses of plant breeding institutes and plant breeding establish- 
ments all over the world. 

7. Layout of periodicals and of reprints. 

8. Circulation of a journal. 

9. Exchange with other journals. 

0. Propaganda for a specialized journal. 

Ll. Translation and revision in the English language. 


Four articles have been published on this subject (DE HAAN, 1, 4, 6, 7) and our experi- 
ences have also been given in various information bulletins sent to Dutch contributors 
of Euphytica. From this it will be clear that Euphytica may be considered as an 
experiment and that its experience has been worked out into publications. 


SAMENVATTING 


Efficiënte publikatie van het veredelingsonderzoek 


Naar schrijvers mening zal men terwille van een efficiënte publikatie van het ver- 
edelingsonderzoek meer en meer moeten overgaan tot het stichten van vaktijdschriften 
voor plantenveredeling. 

Schrijver beschouwt Euphytica als een experiment. In zijn fantasie ziet hij in ver- 
schillende landen in niet alte verre toekomst een aantal nieuwe vaktijdschriften in de 
Engelse taal, doch wat redactie en medewerkers betreft nationaal georiënteerd, en een 
internationaal tijdschrift met vertalingen van belangrijke artikelen op veredelings- 
gebied (Japans, Russisch, Italiaans, Spaans, etc.) in het Engels. Voor de verbreding en 
verdieping van de plantenveredeling als tak van wetenschap zou dit van betekenis zijn. 
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ABSTRACT 


The author gives a survey of the methods used and the results obtained in induced 
mutation. The article consists of three parts: the general theoretical aspects, the 
possibilities of practical application and a bibliography of 789 titles. 

In the theoretical part (Mutation research) the various types of mutation are men- 
tioned, but only gene- or point mutations and structural mutations are discussed. 
These two categories cannot be distinguished sharply. Study of diploid organisms 
is less easy than that of haploid ones, study of cross-fertilizers less easy than that 
of self-fertilizers, and study of recessive mutations (the most frequent type) less easy 
than that of dominant ones. Methods for induction of mutations are discussed in the 
chapters “Irradiation as mutagen” and “Chemical mutagens”’. 

In the second part the mutagens, treatments, mutation frequency, mutation spec- 
trum, selection methods, etc. are discussed with respect to the possibilities of practical 
application (Mutation breeding). Chemical mutagens are becoming more important. 
The techniques for production and for selection of mutants demand improvement and 
refinement. Hitherto interest has been mainly concentrated upon easily recognizable 
morphological mutations. Attention, however, should also be drawn more towards the 
smaller, quantitative, physiological, chemical mutations. 

Mutation breeding offers many possibilities and difficulties. The keen eye, the 
optimism, enthousiasm and perseverence which are of so much importance in the 
normal plant breeding, are necessary in mutation breeding as well. 
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INTRODUCTION 


In giving a survey on artificially induced mutation for plant breeders the subject 
may be approached from two angles, viz.: 

1. The general theoretical aspect (mutation research). 

1. The possibilities of practical application (mutation breeding). 


1. MUTATION RESEARCH 


At the turn of the century the principles of genetics discovered by MENDEL were 
rediscovered simultaneously by CORRENS, VON TSCHERMAK and DE VRIES. In the years 
1901-1903 Hugo pe Vries published ““Die Mutationstheorie, 1 und II”. As he clearly 
formulated the genetic system consists of separate and independent units which were 
called mendelian factors, later renamed genes. Very occasionally, these genes undergo 
sudden changes called mutations: they may mutate. In general the new gene is as 
constant as the old one, and together they constitute a mendelian gene pair. These 
rare spontaneous mutations occur in plants, animals and man. They may affect any 
character and vary from those which are very obvious (and even lethal) to those which 
are hardly detectable. 

De Vries also wrote (Il, page V): “Die Kenntnis der Gesetze des Mutierens wird 
voraussichtlich später einmal dazu führen, künstlich und willkürlich Mutationen her- 
vorzurufen, und so ganz neue Eigenschaften in Pflanzen und Tieren entstehen zu lassen. 
Vielleicht wird man auch dereinst im Stande sein, durch die Beherrschung der Mu- 
tationen dauernd bessere Arten von Kulturpflanzen und von Tieren hervorzubrin- 
gen” (The knowledge of the laws of mutation will presumably lead to the induction 
of artificial and intentional mutations and so produce entirely new characters in 
plants and animals. In the future it may even be possible to create better species of 
cultivated plants and domestic animals by the control of mutation). 

The constancy of genes, chromosomes and nuclei is expressed in their ability to 
duplicate themselves (selfduplication, replication): at each cell division one original 
chromosome divides into two new ones (or a new one is produced beside the original 
one) with the new chromosome(s) being basically similar to the original one. Mutation 
is a sudden deviation from this normal constancy and selfduplication. The new pheno- 
type depending on the new gene is called a mutant. 


Without considering bacteria, viruses and phages, organisms of which separate 
cytoplasm and nuclear structures are less wellknown, the following types of mutations 
can be distinguished: 


A. PLASMATIC MUTATIONS, which also include plastid mutations. 
B. NUCLEAR MUTATIONS: 


Ll. Genome mutations (polyploidy: 2n-—4án, etc). 
2. Chromosome mutations (aneuploidy: 2n_—2n- 1, etc.) 
3. Structural mutations (mieroscopically visible): 
fragmentation (breaking of chromosomes) 
deficiency or deletion (loss of a chromosome section) 
duplication (doubling of a section) 
inversion 
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translocation (transference of a section to another chromosome) 
reciprocal translocation (exchange of sections between two non-homologous 
chromosomes) 

4. Gene-, factor- or point mutations: microscopically invisible, and showing 
mendelian segregation in the genetic experiment. 


All these types of mutation occur spontaneously in plants and animals, both in the 
wild and in the cultivated states. 

At first, DE VRIES considered all his Oenothera-mutations as gene mutations, but 
later it was shown that they were examples of all the types mentioned under B. 


All types of mutation may be produced experimentally by mutation-inducing agents 
or “mutagens”’; this is called experimental, artificial or induced mutation. As will 
appear later in this article, however, the ratios of the various types of mutation may 
differ widely with the different mutagens, each mutagen producing its own ‘mutation 
spectrum”. 

In this article gene mutations in particular and, to a lesser extent, structural mutations 
will be discussed, while chromosome mutations, genome mutations and plasmatic 
mutations will not be considered. It should be pointed out, however, that the two 
types “structural” and “gene” mutations cannot be distinguished as two clear-cut 
groups. A deletion or a duplication generally produces a change in the phenotype, 
but also inversions or translocations, without any deletion or duplication, often 
influence the phenotype, viz. by changing the action of genes located close to the 
points of breakage: position effect. 

When an individual bearing a larger structural mutation is crossed with an individual 
of the normal chromosomal type the hybrid shows various abnormalities of chromo- 
some behaviour and of mendelian segregation, as well as sterility. Small structural 
mutations rarely produce aberrant chromosome behaviour, and normal mendelian 
segregation occurs. Very small structural mutations, with their phenotypic effect, 
behave as purely mendelian factors with regard to the normal and cannot be distin- 
guished microscopically, i.e. they are indistinguishable from true gene mutations. 


Spontaneous gene mutations, as already mentioned, influence every possible organ _ 
or character: roots, stems, leaves, flowers or fruits; form, colour or size; morpho- 
logical, physiological or biochemical features; longevity, fertility and resistance. _ 
Experimental gene mutations also affect all these characters, but as in the case of muta- 


tion types in general different mutagens show a different gene mutation spectrum. 


From this it follows that experimental mutation consists essentially of an increase 
of the spontaneous mutation frequency and a shift in the mutation spectrum. Accurate . 
frequency determinations are therefore needed to establish the facts. The methods 
used for this purpose and the difficulties involved differ widely according to the na- 
ture of the organism and its type of reproduction, and according to the nature of 


the mutation, viz. from recessive to dominant or the reverse. 


A. In haploid organisms the alternative “dominant-recessive” does not occur, so 


that the covering effect of a dominant allele over the recessive is no problem: moss 


plants, fern prothallia, fungi. For example in fungi every mutation of a basidiospore, 
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ascospore or conidiospore (in as far as they have one nucleus) can be recognized 
directly from the phenotype of the resultant individual. A mutation in a single somatic 
cell would also be seen as a visible somatic mutation of the tissue developing from the 
mutated cell, at least if there were no “covering influence” of the surrounding non- 
mutated nuclei. The fact that very high numbers of cells (spores) can be studied is also 
a great advantage. It is not surprising therefore that particularly with fungi (and also 
with bacteria and viruses) research in the field of experimental mutation has expanded 
enormously, especially in the last 10 to 15 years. It is not appropriate here to enter 
into the details of the many theoretical results obtained: gene structure, multiple 
allelism, complex genes, chemogenetics, heterokaryosis, etc. The multiplication of the 
production of penicillin and streptomycin are practical results of induced mutation 
studies in these lower organisms. 


B. In diploid organisms such as higher plants and animals, the alternative “domi- 
nant-recessive”’ plays an important role. 


Ll. Dominant mutations, and those with an intermediate effect, may be recognized 
from the phenotype of a heterozygous individual, e.g. Aa in regard to aa. In favourable 
cases a dominant mutation in a somatic cell will also be apparent directly as a somatic 
mutation of the plant part arising from the mutated cell, e‚g. a colour mutation in an 
epidermic cell from aa (colourless) to Aa. If individuals bearing the new dominant gene 
are to occur in the offspring, it is of course necessary that subepidermal spore mother 
cell tissue is involved in the mutation, and not epidermal tissue only. 


2. Recessive mutations are however much more numerous than dominant ones. 
A recessive mutation in a homozygous dominant individual, 4A-—Aa, is not apparent 
in the phenotype. In a heterozygous plant, however, a recessive mutation (Aa->aa) 
will be visible in the phenotype of the mutated part. Many vegetatively propagated 
plants are highly heterozygous (potato, fruit trees, many ornamentals). This favours 
the recognition of recessive mutations in somatic tissue and their maintenance by 
vegetative propagation. However, in these cases further investigations are required 
to discover whether a real gene or point mutation, Aa->aa, is involved, or the loss of a 
chromosome or chromosome part containing the 4-locus, Aaa, or other irregulari- 
ties such as non-disjunction or somatic crossing-over, which may also give rise to a 
or aa cells. Finally a recessive bud variation may be produced (in plants with a peri- 
clinal chimaeric structure) by the genotypically non-coloured subepidermal layer (aa) 
breaking through and subsequently replacing the coloured epidermal layer (Aa). 

In homozygous plants a recessive somatic mutation, AA—Aa, will not be recog- 
nized in the individual itself. If the mutation has taken place in a cell producing spore 
mother cell tissue (in plants) or sex mother cell tissue (in animals), the mutation can 
become manifest by the segregation of aa individuals in the progeny. In this connec- 
tion it is a matter of prime importance whether the organism is self fertilizing (or 
possesses the ability to reproduce by self-fertilization) or whether it is an obligate 
cross-fertilizer or even a dioecious plant (or animal). 


a. Withself-fertilizing plants matters are relatively simple. A spontaneous or induced 
recessive mutation in one cell produces tissue with a heterozygous genotype (AA—Aa) 
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which is not phenotypically distinguishable. When all spore mother cell tissue in the part 
of the plant isolated for self fertilization is involved in the mutation, selfing will yield a 
segregating progeny, 25% of which is of the recessive aa-type; if only part of the 
mother cell tissue is involved, the proportion of recessives will be less than 25 % (also 
a dominant mutation for e.g. epidermis colour, aa—Aa, which has affected spore 
mother cell tissue but not the epidermis, only becomes manifest in the progeny). In 
applying the mutagenic treatment to seeds (i.e. the very young individuals) every 
mutation in one cell (AA-—Aa) can produce a large mutated tissue (Aa). Dependent 
on the severity of treatment a larger or smaller portion of the treated seeds do not 
germinate or die in the seedling stage. The treatment is often given at such a level, 
that only half the number of seeds develop into plants. The plants arising from the 
treated seeds are indicated as the X,-, nj-, or in general the m‚-generation, depending 
upon the type of mutagen used: X-rays, neutrons, or mutagen in general. From every 
X‚-plant (n,-, m‚-plant) one or more Xs-families are obtained. The number of segre- 
gations in these X-families in proportion to the total number of X-families is a 
measure for the frequency of mutation produced in the X,-plants. Large X-families 
are unnecessary and impose too great a restriction on the number of families. On the 
other hand the families must be above a minimum number to show-up the recessives. 
Therefore the aim of the treatment (theoretical or practical), the cost of radiation, and 
also the quantity of seed available will determine the number of seeds for treatment 
and the number of plants per Xs-family. In experiments with mainly or entirely 
practical aims all X,-plants might be lumped together. For methods and reflections 
in this field J may refer to articles by KNAPP (1950) and esp. by GAUL (1957, 1959). 

By far the largest number of pilot experiments on self-fertilizing plants have been 
carried out on barley. 


b. With obligate cross-fertilizing organisms the recognition of experimentally in- 
duced recessive mutation and its frequency is much more difficult. In order to produce 
the homozygous recessive mutation-type in Xs, the female gametes of a mutated part 
Aa of one X‚-individual would have to be fertilized by the male gametes of a part of 
another X,-individual that had been subject to exactly the same mutation. Given the 
low mutation rates this coincidence will hardly ever occur! 

Therefore the result of mutagenic treatments in cross-fertilizing-organisms will be 
initially restricted to a slight increase in the number of heterozygous loci in the popu- 
lation. In self-fertilizers radiation should be applied at an early stage and at a rather 
high intensity of short duration, e.g. Hordeum seeds with X-rays of a Röntgen-appa- 
ratus, in order to obtain large mutated complexes in the X,-plants, which later in the 
Xortest generation are detected by the segregating families. In cross-fertilizers, how- 
ever, smaller mutated complexes are equally welcome, since like the larger ones they 
help to increase the general level of heterozygosity; long periods of continuous 
irradiation with for example gamma-rays in a Cobalt-60 gamma field can therefore be 
applied with advantage. In this case it is recommended that the treatment be repeated 
every year, because here one generation is not the test generation of the preceding one, 
but of all preceding ones together. The heterozygosity level, and consequently the 
segregation and the phenotypic variability are increased from year to year in this way. 
Quantitative determinations of the mutation rate are clearly hardly possible in this 
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way, and in the case of a segregating recessive type it could be objected that the re- 
cessive gene was already present before the mutagenic treatment was applied. 

Yet is was H. J. MUrrer who in work with the fruitfly Drosophila melanogaster (self- 
fertilization of course excluded) devised an ingenious method to carry out accurate 
mutation frequency determinations (1927), thus stimulating the tremendous develop- 
ment in theoretical mutation research. His so-called CIB-method, presented in the 
diagram below, is valid for mutations in the X-chromosome, but for the autosomes 
MULrer has devised analogous methods. 
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Fr. 1. Peke REPRESENTATION OF MULLERS C1B-METHOD 


C — LARGE INVERSION PREVENTING CROSSING OVER; 

1 == RECESSIVE LETHAL FACTOR ; 

B — GENE FOR ROD-SHAPED EYES (BAR) WHICH SHOWS INTERMEDIATE INHERITANCE AND THERE- 
FORE MARKS THE C1B-CHROMOSOME 


With this CIB method one definite X-chromosome may be multiplied and studied 
for a possible mutation. The procedure is as follows (fig. 1): 
1. Mature normal males (and their sperm) are irradiated (_—_zr). 
2. (Heterozygous) CIB-females are fertilized by sperm of an irradiated male (column U). 
3. (Heterozygous) F, CIB-females are fertilized by sperm of a normal and non- 
irradiated male (column II). 
4. The males in the resulting “backeross generation” (indicated with! ín column III) 
constitute the test of what happened to the X-chromosome which the mother (F, 
female) received from the original irradiated male; if 
a. no mutation: males normal and amounting to kalf the number of the females. 
b. rec. gene mutation: males of new type and amounting to half the number of 
females. 
c. rec. sublethal mut.: males normal but amounting to less than half the number of 
females. 
d. rec. lethal mutation: no males at all, only females. 
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After this short review on the importance of the kind of organism, the kind of 
propagation and the kind of mutation two paragraphs follow on the action of the 
two main groups of mutagens: 


A. Radiation as mutagen. 
B. Chemical mutagens. 


A. Radiation as mutagen 


Apart from earlier investigations on the treatment of plants with radium (gamma 
rays; GAGER, 1908; EMMY STEIN, 1922) the classic papers by H. J. Murrer (1927) and 
L. J. STADLER (1928) rank first in a series of mutation experiments, which have con- 
tinued to the present day. H. J. MULLER published a paper on Drosophila (Artificial 
transmutation of genes), L. J. STADLER on maize (Genetic effects of X-rays in maize). 
Both used X-rays and in their experiments obtained a total mutation rate of a hundred 
times and more than that occurring spontaneously, thus really proving the existence of 
artificially induced mutation. 

A survey of mutagenic radiations known and used so far is given below: 


Non-ionizing radiation: 
Ultraviolet rays (photochemical reactions). 
lonizing radiation (radiochemical reactions): 
Electromagnetic rays: 
X- or Röntgen rays, soft or hard 
Gamma rays | 
__ionizing density mostly 
Corpuscular rays: + 8-200 per u 
Beta rays (electrons) 
Protons (hydrogen nuclei) 


Neutrons, fast or slow 
Alpha rays (helium nuclei) 
Various heavier particles 


ionizing density 
mostly 500-5,000 per u 
and higher 


The treatments most frequently used are ultraviolet, X- and gamma rays and neu- 
trons (see a.0. EHRENBERG, 1954). 

The mutagenic action of ultraviolet rays was discovered in 1930 by ALTENBURG 
when treating Drosophila eggs. The penetration distance of these rays is limited and 
therefore they are not used with plants or animals but with eggs, spermatozoa, pollen, 
spores and in particular with microörganisms. It was soon established that the muta- 
genic influence of ultraviolet rays is greatest in the wave lengths that show the strong- 
est absorption by nucleic acid: + 2,600 Án(Sr260 my). (Incidentally, this is one of the 
many reasons why in the last ten years gene specificity has been increasingly considered 
to be due to the nucleic acid of the chromosomes rather than to their protein). Ultra- 
violet rays like ionizing radiations induce both structural and gene mutations. How- 
ever, STADLER (1941), in maize, showed that with dosages of ultraviolet and X-rays 
producing an equal number of gene mutations, ultraviolet treatment gives rise to 
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fewer structural changes than X-ray treatment. Furthermore he considers that gene 

mutations caused by ultraviolet radiation are less extreme than those produced by 

X-rays, and therefore that they resemble more closely the normal type of spontaneous 

mutation. In addition he suspects that gene mutations caused by X-rays are in many 

cases not true gene mutations, but small structural changes. It should be pointed out, 
however, that in some recent treatments with ultraviolet light numerous chromosome 
aberrations have also been produced, including those in maize and Tradescantia 

pollen (FABERGÉ, 1951 ; LOVELESS, 1954). 

In the field of experimental mutation induced by ionizing radiation X-rays were 
almost always used at first. In the thirties TIMOFÉEFF-RESSOVvSKY and others established 
that the number of gene mutations is almost directly proportional to the dosage applied 
in Röntgen-units (r), that is, within a wide range the intensity and duration of the 
radiation are irrelevant, providing that their product (—= quantity of r-units) remains 
the same. This intensity-duration rule was first demonstrated for dosages of 500 
10,000 r, but it also appeared valid for lower dosages, down to 50 or even 25 r. 
Furthermore it made no difference whether a given dosage was applied in a single 
treatment or intermittently. Apparently there is no quantity or intensity threshold 
below which ionizing rays cease to be mutagenic. This discovery has important and 
direct consequences for mankind in this age of atomic energy, but these will not be 
discussed here (cf. VAN KAMPEN, 1959). 

From the observations described above and from several others (no after effect; no 
influence of temperature; no recovery; only directly irradiated cells mutate) T1Mo- 
FÉEFF-RESSOVSKY, ZIMMER and DELBRÜCK (1935, 1937) concluded that a mutation is 
caused by one (— any) ionization in the ‘“‘sensitive region” of the gene, consequently 
by every direct “hit”: one-hit or target theory (Treffer Theorie). In most cases the 
number of structural mutations showed no linear proportion to the r dosage given, 
but rather a (nearly) quadratic proportion. This also could be considered in agreement 
with the one-hit-theory when it is realized that for every inversion and reciprocal 
translocation two breaks are necessary. 

However, further investigations have shown that with mutations induced by radia- 
tion, there are both direct effects and indirect effects, in particular the latter being due 
to the radiochemical reactions of water and especially to the products HO,* and 
H,O,. Following the investigations in the field of nuclear energy many new types of 
mutagenic ionizing rays have become available, while at the same time the insight into 
the radiochemical reactions of water and living matter with its high water content has 
become more profound. LATARJET and GRAY (1954) have given the following picture 
of the reactions in radiobiological injuries (and mutations) : 

Ll. Absorption of the radiation: ionization and activation; the nature of the radiation 
(mass, charge, energy) determines the number and distribution density of the 
ionizations, as well as the penetrating power. 

2. Primary radiochemical reactions: formation of highly reactive, shortliving products 
from water, viz.: H,Ot—Ht + OH*, H,O—>H* + OH”, and especially HO,* and 
H‚O,. 

3. Chemical reaction chains: reversible and irreversible chemical changes influenced 
by the nature of the cell environment. 

4. Observable changes: (sub)lethal effects and genetical changes (mutations). 
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Knowledge of the above-mentioned indirect action has been mainly derived from 
the experience gained since about 1945, that the degree of lethality and sterility and the 
frequency of structural and gene mutations following ionizing radiations can be in- 
fluenced in many different ways, and this partly in contradiction to earlier conclusions. 
The general study of intensifying and weakening influences on the effects of ionizing 
radiations on living organisms is naturally, in the present period of application of 
nuclear energy, a field of primary importance. It seems in general that the effects of 
sparsely ionizing radiations can be highly influenced in both directions, while those of 
densely ionizing radiations are far less affected. It is on this basis that the effects of the 
first-mentioned group of radiations are considered as mainly indirect, and those of the 
second group as mainly direct, but, without a close relationship to the one-hit-theory 
(see EHRENBERG, 1954). 

In 1947 TropAy and READ were the first to discover that X-ray treatment of Vicia 
faba produced fewer chromosome aberrations when the oxygen and nitrogen of the 
air was replaced by pure nitrogen. In contrast, the effect of irradiation with densely 
ionizing alpha rays (1949) was not influenced by the oxygen/nitrogen ratio. About 
1950 Gires c.s. showed that in fact the oxygen tension during irradiation is important, 
rather than that before or after treatment. It might be suggested that the presence of 
oxygen during the primary radiochemical reactions increases the formation of HQ,* 
and H‚O, and that these in particular have a mutagenic action. In the same year 
1947 STONE c.s. demonstrated that ultraviolet rays have a mutagenic influence 
on bacteria via the formation of H,O,. Direct experiments, among others with Neuro- 
spora, confirmed the mutagenic influence of hydrogen peroxide and also of organic 
peroxides. 

Due to its highly reducing properties, H‚S has a protective and antimutagenic 
effect. Catalase, peroxidase, cytochrome oxidase and iron-porphyrine enzymes are 
also antimutagenic agents. According to LATARJET (1954) these enzymes are effective 
through a linked oxidative process, which changes the action of the peroxides from 
the production of radiation injury and mutations to less harmful processes. 

The antimutagenic influence of the enzymes mentioned above became clear when 
in the years after 1950 many workers showed that carbon monoxide (CO), prussic 
acid (HCN), potassium cyanide (KCN), and sodium azide (Na N3) applied to all 
sorts of organisms (Drosophila, Tradescantia, Neurospora) increased the lethal and 
mutagenic effects of ionizing radiation although not themselves mutagens, the increase 
being due to the temporary inactivation of the protective systems or antimutagenic 
agents. 

The processes described above can be summarized by means of the following terms: 
a. mutagenic agents of the first order (radiation, H‚,O,, etc.). 

b. antimutagenic agents (HS, catalase, oxidase, etc.). 
c. mutagenic agents of the second order (CO, HCN, KCN, etc). 

For literature and recent data concerning direct and indirect mutagenic effects of 
ionizing radiation and concerning the relation between radiation and chemical pro- 
cesses, we refer to publications by EHRENBERG (1954), EHRENBERG and NYBOM (1954), 
STONE (1956), SOBELS (1957) , VAN KAMPEN (1959). and NILAN (1959). 

Finally it should be pointed out that the strengthening or weakening of the radiation 
effect often runs parallel for degree of lethality, for degree of sterility (sterility mainly 
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caused by structural mutations) and for number of gene mutations. Pre-soaking 
barley seeds, for example, strengthens all these radiation effects in a high degree and 
this process is therefore of little practical value. In tomatoes, however, BURDICK (1956) 
obtained more mutations after irradiation of dry, as opposed to pre-soaked, seeds. 
Recently attempts have been made to separate the influences of radiation on lethality, 
sterility and mutation, by combining radiation with different pre- and/or after treat- 
ments. These attempts have had some success: through various combinations of treat- 
ments it is possible to reduce considerably the lethality and at the same time to keep 
the frequency of gene mutations constant or even to increase them (see GAUL 1957, 
1958; cf. also NIrAN 1956, 1959). 


To conclude this theoretical part, a few words on which types of ionizing radiation 
may be used in the practical field of mutation breeding are given, more or less in order 
of preference: a. X-rays, b. neutrons, c. gamma rays (Cobalt 60), d. electrons (P32 and 
S35). For special purposes the order may be different. 

a. X-rays 
X-ray treatment has many advantages: 

. A Röntgen-apparatus is readily available and easy to handle. 

„ The X-radiation is easy to apply to seeds or small (parts of) plants. 

„ Dosage measurement is rather easy. 

. A Röntgen-apparatus can be switched off; this is impossible when using isotopes. 

. Problems concerning availability, contamination, control and supervisison do not 
exist, or are less than when using neutrons, isotopes, and dangerous chemicals. 
However, installation and protection should be such that risk of irradiation for the 
experimenter is excluded. 

A higher dosage produces more mutations but is also more lethal to the seeds. In 
many cases it is advisable to use a dosage allowing about 50 % of the seeds to germinate 
well. According to GUSTAFSSON and VON WETTSTEIN (1958) this dosage, for dormant 
(dry) seeds of various species, though greatly influenced by all sorts of circumstances, 
is roughly as follows (table 1). 


AN 


b. Neutrons 

Irradiation with neutrons is possible only when a cyclotron or atomic reactor is 
available, as will be the case in the Netherlands in the near future. Many experiments 
have been carried out and described concerning the relative merits of X-rays and 
neutrons. According to investigations by the Swedish group, neutrons are 15 to 50 
times more effective than X-rays (when expressed is corresponding units of resp. r.e.p. 
and r). However, since this includes growth inhibition (lethality) and sterility as well as 
mutation frequency, much lower values have to be used in the case of neutrons, see 
table 2, first column. The third column shows that the efficiency of both treatments as 
measured by the percentage of segregation in the M‚-families, is similar and up to 
about 60 % (61.7 and 57.4). There is a fair linear propertion with dosage up to 8,000 r 
and 400 r.e.p.; above these figures, however, there is no corresponding increase in 
percentage of segregating families. This decrease in effectiveness, clearly apparent from 
the last column, is particularly marked in the case of X-rays. There is a tendency to 
ascribe this decrease to intrasomatic selection, as a result of which the most sensitive 
and therefore the most severely affected cells would be eliminated. 
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TABLE 1. RÖNTGEN DOSAGES FOR DORMANT (DRY) SEEDS RESULTING IN ABOUT 
50 % GERMINATION. F = FIELD TRIALS; L — LABORATORY EXPERIMENTS 
(AFTER GUSTAFSSON AND VON WETTSTEIN, 1958) 


Species 


Picea abies 

Pinus silvestris 
Helianthus annuus 
Glycine vulgaris 

Alnus glutinosa. . 
Cannabis sativa 
Phaseolus vulgaris 

Pisum sativum … … 
Lupinus luteus …. 
Hordeum vulgare. …. 
Secale cereale 
Papaver somniferum 
Triticum vulgare ……. 
Avena sativa. … …. 
Poa pratensis 

Brassica napus … . : 
Solanum lycopersicum. . 
Linum usitatissimum 


Brassica napus var. napobrassica … 


Sinapis alba .. 


Röntgen dosage 


600 — 900 r 
600 — 900 r 
2,000 — 5,000 r 
5,000 — 7,000 r 
5,000 — 10,000 r 
ca. 7,000r 

ca. 8,000r 


5,000 — 15,000 r 
10,000 — 15,000 r 
10,000 — 15,000 r 
10,000 — 15,000 r 

ca. 15,000 r 
15,000 — 20,000 r 
15,000 — 20,000 r 

ca. 20,000 r 


25,000 — 35,000 r 
30,000 — 40,000 r 
40,000 — 50,000 r 


> 100,000 r 
> 100,000 r 


Experiment 


an ofdonldlg! den zal daofdaoiil en daal oglealMeaNoolkaafdgelas Walde AS 


TABLE 2. MUTATION-INDUCING EFFECT OF X-RAYS AND OF NEUTRONS, ASSESSED ON THE BASIS OF THE 
FREQUENCY OF SEGREGATING M3-FAMILIES (AFTER EHRENBERG, GUSTAFFSON AND LUNDQUIST, 


X-rays 


> 


1959) 
Dee Number of 
M-families 
EOOOr WER 416 
2000 rm 391 
4000 rte 330 
SEOOO TM 149 
123000 1 CE 12 
16 OOO Tm 50 
LOON EN 546 
ZONE Pp 374 
A00 mier Mean 476 
GAOIEe: DARTEN RE 238 


Percentage of 
segregating 
M-families 


8.4 
DA 
38.5 
61.7 
58.3 
34.0 


18.7 
33.2 
57.4 
33.2 


Number of 
segregations per ear 
and r (rep.) unit 


84.106 
108.10 
96.10 
Tl 
48.10-® 
ZANDE 


Li ROTE 
155 SlRlO 8 
1,433. 10 ® 

518.106 


The mutation percentages in table 2 (—= % of segregating Ms-families) refer to 
structural mutations (sterility) and gene mutations combined. Most research workers 
agree that neutrons cause relatively more structural mutations than do X-rays: for 
the production of structural mutations, e.g. translocations, neutrons are more efficient 
(LARTER and ELLIOTT, 1956). Comparison of the mutagenic effect of the various 
ionizing radiations, however, is difficult, for the following reasons: 
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„ Dosage measurement is often difficult. 
2. Many factors have a marked influence upon the effect, especially in the case of 
sparse ionizations. 
. Differential lethality and sterility cause complications. 
4, With strong radiations there is intrasomatic selection, which may be particularly 
marked with X-rays. 
5. Alternative methods of varying merit may be available for establishing mutation 
percentages with the aid of m,-families or plants: 
the number (percentage) of segregating ear-progenies, 
the number (percentage) of segregating plant-progenies, 
the number of mutant m,-individuals (in percentage of all m‚-individuals; GAUL, 
105%, 1959), 
6. Different species and even varieties within the species may respond differently. 


La 


ce. Gamma rays 

Radium which was previously used for gamma radiation is now being replaced by 
radioactive Cobalt (Co 60), placed centrally in a Co 60 gamma field (generally circu- 
lar). There are now various gamma fields available, both in the U.S.A. and in Europe. 
By far the most powerful and well-known station is located at Brookhaven (Long 
Island, U.S.A). In these fields irradiations of long duration can be applied simply, 
even to large organisms. This method is therefore particularly suitable for the pro- 
duction of somatic mutations in plants propagated vegetatively such as fruit trees and 
many ornamentals. Cross-fertilizing plants also can be irradiated satisfactorily as a 
population in both the first and succeeding generations, to increase heterozygosity and 
variability: in typical cross-fertilizers one generation cannot be really considered as 
the test generation of the preceding one, and small (late) mutated parts help to in- 
crease heterozygosity as well as large (early) mutated parts. The methods and possi- 
bilities of induced mutation in cross-fertilizing plants need still more attention. 


d. Electrons 

Organisms may be exposed to electrons (beta rays) by using the isotopes radio- 
phosphorus (P32) or radiosulphur (S35), with a half life value of 14 and 88 days 
respectively. The substances can be applied locally but are mostly absorbed by the 
roots in the form of phosphates or sulphates and so translocated to the growing 
tissues. P32 in particular has a strong mutagenic effect. An accurate dosage is of course 
impossible by this method. The use of these isotopes requires preventive measures 
and supervision so that they cannot be considered suitable for general practical appli- 
cation. 

Á more complete survey of the ionizing radiations suitable for mutation experiments 
was published by EHRENBERG (1954), who also tabulated the way in which every 
radiation was obtained and applied, the energy of the primary radiation and/or that 
of the ionizing particles, the penetrating power, and the average density of ionization 
along the track of the particle. 


B. Chemical mutagens 


_In the preceding sections where the direct and indirect effects of ionizing radiation 
were discussed, it was pointed out that from 1947 onwards many workers had shown 
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that various chemical substances play an important role in the mutagenic action of 
ionizing radiation. In this connection mutagenic substances of the first order (H,Os; 
organic peroxides), antimutagenic substances (HS, catalase, oxidase etc.) and muta- 
genic substances of the second order (CO, HCN, KCN) were mentioned. However, 
these were not the first investigations concerning chemical mutagens: apart from some 
earlier work (MORGAN 1910, Mc DOUGAL 1911, SACHAROV 1931-1936), investigations 
on chemical mutagens were given a definite shape during and just after the second 
world war. 

In England CHARLOTTE AUERBACH and ROBSON showed that mustard gas produced 
mutations in Drosophila (1942; the results were published after the war in Nature, 
1946: Chemical production of mutations). In Germany OEHLKERS, using ethyl- 
urethane on cut inflorescences of Oenothera, noted the induction of many structural 
mutations (1943: Die Auslösung von Chromosomenmutationen in der Meiosis durch 
Einwirkung von Chemikalien). In Russia RAPOPORT demonstrated the mutagenic 
effect of formaldehyde (1946, Russ: Carbonyl compounds and the chemical mecha- 
nism of mutation) and later that of many other compounds: epoxides, dimethyl- and 
diethylsulphate, diazomethane, ethylene imine, unsaturated aldehydes, etc. 

The above investigations have started an avalanche of experiments on chemical 
mutagens, many hundreds of which are now known, varying from simple compounds 
such as hydrogen peroxide and manganese chloride (the latter much used for the 
treatment of bacteria) to the most complex organic compounds. Mutagenic substances 
include many peroxides, epoxides, epimines, mustard derivatives, alkaloids, purines, 
phenols, quinones and others. 

However, the tremendous extension of the research on chemical mutagens was only 
partly due to the positive results described above. Another important stimulus to 
rapid development was that in many cases the mutagens were carcinogenic or anti- 
carcinogenic substances or war gases. Consequently pharmacologists and chemists 
became involved in mutation research. Furthermore the introduction of new experi- 
mental techniques was important: treatment with aerosols, treatment of Drosophila- 
ovaries in vitro, uptake in detached inflorescences, injection in flower buds, standardi- 
zation of the chromosome test in Allium-roots, and not least the use of bacteria and 
other microorganisms. 

Attempts are continuously being made to discover in these numerous and divergent 
mutagenic substances one or more general principles of action in mutation. However, 
AUERBACH in her review of 1951 points out that the chemical specificity of the genes 
and the morphological structure of the chromosomes may be affected in many differ- 
ent ways, e.g. direct chemical reaction with protein or with nucleic acid, release of 
energy near the chromosomes, inactivation of enzymes for the chromosome meta- 
bolism, disturbance of the gene reduplication by competing substances of similar 
composition, and so on. In this connection we may mention the two chemically 
different types of breakage (in covalent bonds or in ionie bonds, Ca and Mg bonds in- 
cluded) which according to WoLrrF and LurpPoLp (1956) may occur in chromosomes. 

In addition many experiments show that a given substance applied to various 
organisms has a less uniform and general effect than a given type of radiation. How- 
ever, these differences in effect need not indicate specific differences between the genes 
and chromosomes of the organisms, since they may be produced by many other 
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factors: viz. difference in penetration, difference in degree and rapidity of detoxication, 
difference in reaction with the cytoplasm, and similar other factors. Alternatively, in 
applying to one organism two or more substances which on the basis of their close 
structural relationship might be expected to have a similar mutagenic effect, the same 
above-mentioned factors may be reason for the mutagenic action of the substances 
being different. As an example we may mention here the experience of KiHLMAN (1951) 
who discovered that the purine compounds inducing structural chromosome changes 
in Allium can be divided into two categories: a group that cannot permeate the nuclear 
membrane and therefore only acts during mitosis, when no nuclear membrane is 
present, and another group which being more soluble in lipoids can permeate the 
nuclear membrane and consequently is able to influence the chromosomes not only 
during mitosis, but also in the resting stage. 

Recently it has been established that chromosome breaks caused by chemical 
mutagens may occur at definite positions, that is they show a more or less clear 
localization. For instance KraLMAN and LEVAN (1951) found that in Vicia faba, treated 
with 8-oxicaffein, the breaks were usually produced in heterochromatic parts. 
OEFHLKERS (1953) found that after treatment with urethane, salts of heavy metals or 
nucleoproteids, many of the breaks in Vicia faba chromosomes occurred in the zone 
of the secondary constrictions of the satellite-chromosome pair. Earlier Forp (1949), 
working with the same species, found that after treatment with nitrogen mustard the 
breaks occurred most frequently in the smaller chromosomes. More recently GLÄSS 
(1956) studied “Die Verteilung von Fragmentationen und achromatischen Stellen auf 
den Chromosomen von Vicia faba nach Behandlung mit Schwermetallsalzen” and 
Mec LersH (1954) studied “The consequences of localized chromosome breakage”. 

Here one may perhaps point out that various workers have demonstrated that many 
products of metabolic processes may have a mutagenic action (MARQUARDT, 1949: 
putrescine and accumulated substances in old seeds; see the review by D'AMATO and 
HOEFMANN-OSTENHOF, 1956). Presumably such substances may also be involved in 
the occurrence of “spontaneous’’ mutation. Apart from the relatively small role which 
ionizing radiations occurring in nature seem to have, the possible role of chemical 
agents should be considered. The increase and control of ionizing radiation has 
recently become a point of general interest. It seems high time for both scientists and 
governments to pay more attention to the great increase of all sorts of chemical 
mutagens in the environment of plants and animals, and particularly in the milieu of 
mankind. Mutagenic substances are used as disinfectants and for the control of bac- 
teria, fungi, insects, weeds, etc., they are found among substances used in industry 
and the home (textile industry, lacs and resins, cosmetics, washing-preparations), 
and also among medicines (BARTHELMESS, 1956, Arzneimittelforschung 6, p.157: 
narcotics, analeptics, anticarcinogenic substances, antibiotics, various organic sub- 
stances). For a more detailed survey we refer to EHRENBERG and GUSTAFSSON who 
in February 1959 published a report on mutagemic and carcinogenic substances. 

In discussing the mutagenic effect of the various radiation types we have mentioned 
the differences in the mutation spectrum, in particularly as it concerns the ratio between 
structural and gene mutations: ionizing radiations give relatively more structural 
changes than ultraviolet, while among the ionizing radiations neutrons produce 
relatively more structural mutations than X-rays, presumably in consequence of 


283 


R. PRAKKEN 


their greater ionizing density and therefore stronger direct action on chromosomes 
(EHRENBERG, 1954). 

For different chemical mutagens the mutation spectrum, expressed as the ratio of 
structural to gene mutations, has an even wider variation. This is clear from the follow- 
ing example of the mutagenic influence of four substances on barley (EHRENBERG, 
(GUSTAFSSON and VON WETTSTEIN, 1956). 


1. Nebularine: gene mutation frequency more than 10X the spontaneous mutation; 
however, hardly any increase of the structural mutations. 

2. Mustard gas: many gene mutations and relatively few large structural mutations. 

3. Ethylene oxide: about the same effect as mustard gas, but causing slightly more 
structural mutations (ratio of gene and structural mutations in 2 and 3 about 
equal with the ratio after X-rays). 

4, Ethoxycaffein: little or no increased gene mutation frequency, but numerous 
structural mutations. 


The mutation spectra of various chemical mutagens differ not only in the ratio 
structural/gene mutations, but often also in the relative frequency of different groups 
of gene mutations. For instance in barley there may be typical differences in the 
relative frequency of chlorophyll mutations (chlorina, xantha, alba), erectoides 
mutations, and other morphological mutations (see EHRENBERG, GUSTAFSSON and 
VoN WETTSTEIN, 1956). 


In most cases, a lower mutation frequency is obtained with chemical mutagens 
than with ionizing radiations, at least in barley. However, a totally different picture 
is shown by results obtained quite recently in Sweden with ethylene epoxide, 
CH, CH, and particularly with ethylene epimine, CH‚-CH, (see EHRENBERG, GUS- 

N\O/ N\NH/ 

TAFSSON and LUNDQUIST, Hereditas 45, 1959). 

Their results will not be given here in an extensive tabular form, but in a rough 
comparison with the results of X-rays and neutrons which can be found in table 2 on 
page 280. There, depending on the dosage, the percentage of segregating m,-families 
varies from about 10 to about 60%. With ethylene epoxide, depending on concen- 
tration, also percentages of 10-60 are found. With ethylene epimine the percentages 
are much higher: in the case of pre-soaked seeds from 50-100 %; in dry seeds from 
20 to 140%! (The figures are not based on the number of segregating families, but on 
the number of segregations, which may be more than one per family; this accounts 
for the percentage over 100). Furthermore the great difference in mutation spectrum 
is important: while with X-rays and neutrons the share of structural mutations is 
about 65% and slightly more than 70% of all mutations, with the two ethylene 
compounds structural mutations average only about 45 %! The increase of the total 
number of segregations and the decrease of the share of structural mutations depend 
mainly upon the highly increased number of chlorophyll mutations (which are gener- 
ally less viable) and to a smaller extent on the increased number of normally viable 
morphological mutants (which should be examined for favourable new types). When 
expressed as percentage of the number of m‚-families, the number of these normally 
viable and easily recognizable morphological mutations amounts to: 
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after treatment with neutrons about 4% 
22 Ee … X-rays 58 Si 
4 NH „ _ethylene epoxide At 9% 
3e 4 „ _ethylene epimine pen S At otoven 20%): 


In their summarizing reflections EHRENBERG c.s. point out the great possibilities 
offered by these mutagenic substances, but they also point out the danger of their 
carcinogenic effects. The significance of reactive oxidized substances such as epoxides 
and hydroperoxides in the cell in connection with spontaneous and induced mutation 
and with the induction of cancer is also discussed in a more general way, and this 
discussion ends as follows: “In this connection the ideas expressed by BOYLAND and 
Worr (1950) are interesting, explaining the profound biological effects, notably 
carcinogenesis, of polycyclic hydrocarbons by their possible ability to form reactive 
epoxides (cf. also HAppow, 1958)”. For other efficient chemical mutagens cf. HEsLOT, 
1959 (ethyl methanesulfonate !). 


Here again, therefore, the question of one or more general principles of action 
comes to the fore. WESTERGAARD, in a review (1957; Chemical mutagenesis in relation 
to the concept of the gene) deals with this point. One of his most important conclu- 
sions is that gene mutations in general are caused by unstable and reactive compounds, 
which can introduce alkyl groups, produce free radicals, or produce highly reactive 
ions. Structural mutations are caused by similar substances, but in addition by very 
stable and mostly highly toxic substances which presumably inhibit enzyme action 
and consequently the metabolism of the cell and the chromosomes. As concerns gene 
mutations and back-mutations WESTERGAARD discusses in particular the investigations 
on fungi at his own institute and at a few other laboratories (WESTERGAARD; KÖL- 
MARK; GILES). The gene mutations studied are all sorts of metabolic deficiences: the 
normal “wild” form is able to perform a definite synthesis, the mutated ““deficient” 
form is not. The frequency with which back-mutation of the deficient to the normal 
wild form takes place can be easily studied on millions of spores. It appears that not 
only do various loci each with a specific back-mutation frequency respond to physical 
and chemical mutagens, but that also the various deficient alleles of one multiple 
allelic series have their own specific reaction type. A characteristic feature is that the 
mutation frequencies of two genes or of two alleles in regard to two different mutagens 
do not run parallel; for example, one allele may show a greater response to physical, 
the other to chemical mutagens (KÖLMARK, 1953, 1958; NAKAO, 1958, who published 
on the silkworm). 


From this different response of two or more alleles at one gene locus it may be con- 
cluded that genes have a complex structure, able to mutate in more than one way and 
presumably at more than one place. These results lend support to the conclusions 
drawn from other investigations. Refined research has shown that in many cases 
crossing-over is possible within the limits of one gene (locus): a gene often consists 
of interchangeable parts, in other words many genes appear to be “complex genes”. 
The original concept of the gene as a mendelian unit, a unit of action, a unit of mu- 
tation and a unit of crossing-over, which at first was considered so clear-cut, is lost 
to a certain extent, as it was also partly lost through the phenomenon of position 
effect, as discussed before. 
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Directed mutation. In the foregoing sections the difference in mutation spectrum, 
which might be considered as a possible lead to the production of directed mutations, 
has been mentioned several times. However, the concept “directed mutation” has 
obtained its special significance in the case of bacteria. The pneumonia bacterium 
Pneumococcus includes many forms, each of which has its own (constant) type of 
antibody-evoking antigens in their cysts. If cystless Pneumococci of a definite anti- 
genic type are allowed to grow in a medium containing an extract of a Pneumococcus 
of another antigenic type, the former type “mutates” to the form that furnished the 
extract (transformation; AVERY, MACLEOD and MCCARTHY, 1944, and numerous 
later investigations). The extract has been purified and analysed, and the active agent 
appears to be DNA (DesoxiriboNucleic Acid), see also GOODGAL, 1958. 1 wish not 
venture to express a general opinion about analogous “transformation” phenomena 
in birds, in animals and plants, which in recent years have been obtained or alleged 
to have been obtained in response to injections with nucleic acid, blood transfusion, 
bone marrow transplantation or grafting, of another species. However, my impression 
is that at any rate many of the results or conclusions need further proof. 

LEDERBERG and his wife a few years ago found that a phage which moves from one 
bacterium to another, under certain circumstances is able to transfer a gene (or a 
group of genes) from the first type of bacterium to the second type. The term trans- 
duction is used to describe this phenomenon. 

Finally recent experiments (MUNDRY and GIERER, 1958; BENZER and FREESE, 1958; 
FREESE, 1958) designed to affect the nucleic acid structures of viruses and phages by 
chemical agents as directly as possible and in a definite way, must be mentioned. 

In my opinion the many-sided theoretical nature and significance of mutation 
research has now become clear. 


IL. MUTATION BREEDING 


With regard to the practical possibilities of mutation breeding opinions still differ 
widely, from pronouncedly sceptic via evasive to definitely positive and optimistic. - 
Though not a breeder, | may take the liberty of making some remarks on the possi- 
bilities and difficulties, the advantages and disadvantages, and the development of - 
methods. Many of these points of course have already been discussed in earlier - 
articles or reviews. My own view has changed of late years from fairly sceptic to moder- : 
ately optimistic. 

Starting with the history of mutation breeding, we can add to the statement | 
expressed by HuGo DE VRIES (1901) and quoted at the beginning of this article, the 
following cautious judgment of Murrer (1927): “Similarly for the practical breeder « 
it is hoped that the method will prove useful”. STADLER (1928, 1929) emphasizes 
the negative side: something really new is hardly ever obtained; in addition to very ú 
few “favourable” mutations a great many “unfavourable” ones are produced. As he | 
found very few chlorophyll mutants in oats (2n — 42), in contradistinction to barley # 
(@n= 14), he considered that polyploids are much less affected by mutagens, an opi- | 
nion which later has proved to be untenable in its general sense (MAc Key, 1954, 1958, | 
1959; SWAMINATHAN, 1957; MIKAELSEN 1958; SPARROW and SCHAIRER, 1958; SAvIC, 1 

1958; NATARAJAN et al. 1958). It was mainly due to STADLER’s opinion that so little | 
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research on experimental mutation in cultivated plants was carried out in America 
for a few decades. It was not until about 1950 that a sudden great revival of interest 
was shown, following the research on nuclear energy which had become so im- 
portant. 

While in America, therefore, the research on experimental mutation remained at 
first, with few exceptions (HORLACHER and KiLLOUGH, 1933, cotton), of a purely 
theoretical nature (Drosophila, maize, later fungi and microörganisms also), in Europe, 
from 1930 onwards, the emphasis was on work with cultivated plants. Workers in the 
Netherlands were De Mor (bulbs) and TOLLENAAR (Indonesia; tobacco), in Russia 
DELAUNEY (wheat) and SAPEHIN (wheat), in Sweden NILSSON-EHLE and GUSTAFFSON 
(barley), in Germany STUBBE (snapdragon), SCHICK, KUCKUCK and KNAPP, and in 
particular FREISLEBEN and LEIN (barley). 

Since 1950 experimental mutation research has been started everywhere, even with 
cultivated plants. When its results or possibilities for plant improvement are consid- 
ered, it must, however, not be forgotten that a great many investigations had mainly 
a theoretical purpose, even those with cultivated plants: they were tentative as con- 
cerns the number of mutations produced; they were carried out to ascertain the re- 
lation of number and nature of the mutations with the nature and intensity of the 
radiation, or with the nature and concentration of the chemical mutagens; they were 
conducted to study the real nature of mutation and mutagenic action. 

Research, directly and exclusively concerned with breeding is rather in its infancy. 
General theoretical research has still to provide a better basis for the production of 
more mutations, and especially of more mutations of a desirable nature (positive, 
progressive, constructive, favourable mutations). Practical plant breeders will have to 
develop methods for selection, especially to isolate very rare or only slightly improved 
types from very large populations. 

As regards the nature of the mutations produced artificially the opinion has often 
been expressed that the “gene mutations” induced by ionizing radiation generally 
are not real gene mutations but small structural alterations, often deficiencies, and 
consequently often destructive. However, investigations of recent years have shown, 
that at least for fungi, mutants obtained by X-rays may, likewise under the influence 
of X-rays, mutate back to the normal allele (Grres, 1951, 1956; De SERRES, 1958). 
For deficiencies, and in general also for other structural mutations, a complete back- 
mutation is considered impossible or nearly so, and a successful back-mutation test 
is therefore taken as proof that a real gene mutation had occurred. 


Clear-cut structural mutations in heterozygous condition are responsible for much 
of the sterility in m, and m,, and are usually eliminated by selection. As shown by 
GAUL (1958) in barley, a favourable feature here is that in the m,-families derived 
from m;-ears with no or slight sterility, the number of gene mutations which occur 
equal those in the m;-families derived from m‚-ears w'th a high sterility. The majority 
of translocations and inversions occurring in barley in a homozygous condition, have 
no appreciable detrimental effect on yield. Polyploid crops (like wheat; 2n — 42) are 
only slightly affected by the presence of smaller duplications or deficiencies, while 
true diploïd species are affected to a much greater degree. It is, however, known that 
some diploid organisms contain in their normal genome a number of duplications. 
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In this case a deficiency, that is the deletion of (part of) a duplication, might have a 
favourable effect. 

In some cases structural mutations are the aim of the mutagenic treatment. For 
instance SEARS (1956) managed to transfer the resistance of Aegilops umbellata to 
leaf rust (Puccinia triticina) into wheat, Triticum aestivum, in spite of the fact that the 
Aegilops umbellata chromosomes do not pair with those of Triticum and consequently 
show no crossing-over. Aegilops umbellata (2n — 14), which cannot be directly crossed. 
with Triticum aestivum (2n — 42), was crossed with Triticum dicoccoides (2n — 28), and 
from this F, an amphidiploid (2n — 42) was obtained by chromosome doubling. This 
amphidiploid was crossed with Triticum aestivum and via two backcrosses of this 
hybrid with T. aestivum a plant was obtained with 42 Triticum chromosomes plus one 
Aegilops umbellata chromosome, which plant was resistant to Puccinia but showed 
poor growth. By treating such plants (2n — 43) with X-rays, before meiosis, and then 
pollinating them with normal pollen of T.aestivum, SEARS succeeded in obtaining 
resistant T. aestivum plants with 2n — 42 chromosomes; these were resistant to Puccinia 
because a piece of the Aegilops umbellata chromosome had been transferred by trans- 
location to a T.aestivum chromosome. In one of these resistant 2n—42 plants it 
appeared to be a very small intercalary translocation, which, when made homozygous, 
did not reduce growth and yield, but gave complete resistance. Similar results have 
been obtained by ELLIOTT (1956) in transferring stem rust resistance of Agropyron 
elongatum to Triticum aestivum, also by induced translocation. LARTER and ELLIOTT 
(1956), in comparing X-rays, thermal (—= slow) neutrons and radioactive phosphorus 
and sulphur, have shown that neutron radiation is the most effective for such a pur- 
pose, because it induces the largest number of translocations. Finally it should be 
pointed out here that by combining in a hybrid two somewhat different reciprocal 
translocations between the same two non-homologous chromosomes, it is possible, 
via crossing over, to obtain duplication (or deficiency) for a given small chromosome 
segment (see HAGBERG, 1958, 1959). 


Returning to gene mutations it must be admitted that the general picture is not 
encouraging. For instance treatment of 10,000 barley seeds with 12,000 r X-rays may 
produce the following results: 


10,000 seeds treated (M‚-seeds) 
— 5,000 seeds germinated (M‚-plants) 
+ 4,000 plants producing mature seed 
ae 2,000 segregations in 4,000 M‚-families: 
- 1,300 segregations for sterility (mainly struct. mut.) 
J- 450 segregations for lethal chlorophyll-mutations 
+ 50 segregations for dwarfs and (sub) lethal forms 
-- 200 more or less normally viable and easily recognizable morphological or 
physiological mutations. 


Li 


It is chiefly among the last-mentioned group of mutations (+ 200 in 4,000 M- 
families) that possible improvements may be found. Before entering into more detail 
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about their nature it should be repeated (cf. p. 285) that the number of such easily 
recognizable and more or less normally viable mutations, expressed as percentage of 
the total number of M‚-families, in barley may amount to: 


after neutron radiation —+ 4% 
after X-ray treatment + 5% 
after ethylene epoxide + 9% 
after ethylene epimine —+15% 


As regards this group of normally viable gene mutants there are various differences 
between the mutation spectra of these four mutagens. In general, however, these 
differences are too small or immaterial to lead to preference for one particular treat- 
ment for any or for a special purpose (or a definite property). For instance the per- 
centage of the erectoides-mutations (forms with compact ears and firm culms) seems 
to be somewhat higher after radiation (neutrons 21 % of all mutations in the group, 
X-rays 15%) than after ethylene treatment (ethylene epimine 13%; ethylene epoxide 
9%). After ethylene treatment various mutation types have been encountered that 
had not previously been found after ionizing radiation. Whether the high number of 
viable mutants after ethylene epimine treatment (+ 15% of the M‚-families) suggests 
that this mutagen generally should be used for breeding purposes cannot yet be fore- 
cast with certainty (cf. GUSTAFSSON and EHRENBERG, 1959, in The New Scientist). Its 
carcinogenic properties should be kept in mind. Viewed from a more theoretical side 
the relation between the mutagenic and carcinogenic effects of many substances should 
be investigated in more detail. From a more practical point of view it is often re- 
commended to use various types of mutagen side by side. It seems probable that 
chemical mutagens may be of increasing importance (cf. HesLoT, 1959). 

Research on directed mutation or specific action on definite loci, which has so far 
been mainly theoretical, will of course be continued as intensively as possible. Positive 
results have been obtained by KÖLMARK (1953, 1958, fungi) and NAKAO c.s. (1958; 
silk worm). 

Entering into more details about the biological nature of the mutations within the 
group of more or less normally viable gene mutations, this can be undertaken for all 
mutagenic agents together. In particular three species have been investigated extensive- 
ly, and are well-known in both respects: a. natural variation or diversity, b. diversity 
resulting from induced mutation. These three species are the fruit fly (Drosophila), 
barley (Hordeum) and the snapdragon (Antirrhinum). Experience with these species 
has shown that both forms of variation affect nearly all morphological (and physio- 
logical) characters and therefore run parallel in a high degree. Experimental mutations 
therefore seldom produce anything entirely new. In a number of cases, however, its 
natural analogue is only to be found in another subspecies, species, or even in another 
genus. In such cases the terms “new” and “not new” lose much of their significance. 
The following consideration then becomes important. The introduction of a definite 
desirable character into a highly improved cultivated variety by crossing it with a more 
distantly related wild species results in highly segregating generations, from which 
the cultivated variety has to be rebuilt laboriously by a series of backcrosses. If, on 
the other hand, the desired character is produced by experimental mutation no 
extensive crosses and backcrosses are needed. 
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Improvements in ornamentals are often in a different category from those of other 
agricultural and horticultural crops, since in the case of ornamentals “something 
different” (flower colour, flower form, growing type, etc.) may often be synonymous 
with “something better”. This is one of the reasons why experimental mutation might 
be applied with success in this class of plant. Other reasons may lie in the vegetative 
reproduction and the often concomitant high degree of heterozygosity of many or- 
namentals. Reference should be made here to the investigations of JANK (1957), who 
showed that in Chrysanthemum indicum it is possible to obtain a whole series of flower 
colours by means of induced mutation, the genotype being otherwise unchanged, 
that is, all mutants having the same cultural requirements. 

When in an agricultural or horticultural erop, for instance in barley, the fairly small 
group of more or less normally viable, mostly recessive mutants (in the case of barley 
treated with X-rays —+ 200 out of 4000 M-families) is more closely studied, the ma- 
jority of the mutants appear to be entirely useless: abnormalities, morphological 
alterations without practical significance, a smaller yield, etc. Only rarely can these 
easily recognizable mutants be considered direct improvements (GUSTAFSSON: strictly 
positive), i.e. an improvement under conditions which can be considered optimal for 
the parent variety. For instance GUSTAFSSON has stated that an artificial mutant, 
indicated as “late, tall”, obtained from the Svalöf variety Gold barley, yielded, on an 
average during 13 years trial, 2 to 3% more than the initial variety. This “late, tall” 
mutant appears to stand a dry spring and early summer quite well. On account of this 
drought-resistance it produces in the Uppsala area on average 15% more than Gold 
barley itself. 

Another example is the “erectoides type” which occurs fairly frequently in all 
mutation experiments with barley; it has a compact ear and stiff straw, is fairly re- 
sistant to lodging and stands heavy nitrogen applications. This mutation type has 
arisen at about 20 different gene loci. In an experiment of the same size as the example 
mentioned above, with about 4,000 M-families, about thirty cases of this mutation 
type can be expected. The yield of part of those mutants lies somewhat below that of 
the mother variety, but that of a number of them is clearly higher, especially after 
heavier nitrogen applications. In the Swedish mutation experiments these erectoides- 
types were chiefly produced until about 1945 by irradiation of Gold barley, but they 
obtained no practical significance, partly because in the meantime much better varie- 
ties than Gold barley had been obtained from ordinary breeding work. In later years 
several of these new improved varieties have been treated for the induction of artificial 
mutations. In this connection the treatment of the high-yielding barley variety Bonus 
should be mentioned, which variety, because of its tendency to lodging on fertile 
soil and in humid regions, dropped in acreage when compared with Ymer and es- 
pecially with the varieties Herta and Rika. X-rays, gamma-rays, neutrons, ethylene 
epoxide and ethylene epimine were used as mutagenic agents (from 1946 onwards). 
Numerous erectoides mutants have been obtained and one of these (erectoides 32, 
1947, produced by 7,350 r X-rays, after pretreatment with hydrogen peroxide) has 
given rise to the high-yielding variety Pallas which is highly resistant to lodging, stands 
heavy nitrogen applications, and was released for the market in 1958. Extensive ana- 
Iyses of this variety are given by BORG, FRÖIER and GUSTAFSSON in the reports of the 
Atomic Energy Conference in Geneva, 1958, and by Borg (1959). 
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From the above examples it is clear that the term “favourable” hardly ever has an 
absolute significance, but relates closely to the purposes for which the given species 
or variety is grown and to the conditions under which it is grown. We may mention 
here the lightgreen (chlorina) mutant of Vorstenland tobacco, obtained by irradiation 
in the thirties, by TOLLENAAR (see ref.) in the then Netherlands East Indies. In nature 
this chlorophyll-mutant would have to be considered as deleterious, but the light 
colour and the quality of the dried leaf met with such approval, that in 1936 it covered 
about 10% of the Vorstenlanden tobacco area. However, this was not the homozygous 
chlorina mutant (producing too few leaves), but an F‚-hybrid which had to be pro- 
duced again every year by crossing with the normal type. The chlorina type was lost 
during the war as far as is known. 


Mutants as described above can be easily detected in the M‚. However, mutations 
from susceptibility to resistance against fungi or other organisms are not so easily 
recognizable. Techniques should be developed to discover, among a large number of 
M-families or Ms-individuals, types that have mutated to resistance. This is possible 
with the aid of present methods in the case of many kinds of diseases. Resistant 
mutations do in fact occur and the use of mutagens in all sorts of crops has produced 
resistant types: against mildew in barley, against Victoria blight (Helminthosporium 
victoriae), stem and crown rust in oats, against stem and yellow rust in wheat, against 
rust in flax, and against leaf spot (Cercospora) and stem rot (Sclerotium) in peanuts. 
In some cases the resistance obtained is dominant (mildew resistance in barley, stem 
rusts in oats and wheat); in many other cases however it is recessive (mildew in barley; 
Victoria blight in oats; yellow rust in wheat). Still more than in the examples in barley 
and tobacco given above many factors are important when assessing the value of 
resistant types: frequency of occurrence and ubiquity of the parasite, amount of 
damage, difficulties and costs of control. Therefore it is impossible to give a general 
answer to the question whether breeding for resistance by means of induced mutation 
is economically justified (cf. KONZAK, 1956 and 1959). 

The same holds for the general question whether experimental mutation in plant 
breeding is economically justified: this should be judged as the case arises and even 
then with great reserve. 

It will be necessary to use the available methods in the most efficient way in order 
to produce a large number of useful mutants or mutants of the desired type. In the 
theoretical part of the present article several indications for efficient use have been 
considered: the significance of the type of reproduction, the significance of the various 
types of radiation in connection with type of reproduction, the influence of the mutagen 
on the ratio between structural and gene mutations, the repression of lethality and 
sterility by treatments accompanying radiation, the differences in gene mutation 
spectrum of the various mutagens; also the stage of individual development, the stage 
of somatic or meiotic division, the physiological conc'tion, the number of chromo- 
somes (ploidy), and finally sometimes the genetic constitution of the treated material 
play a role. It is the task of theoretical mutation research to consolidate and extend 
these indications and to give new ones for the effective production of useful mutants. 
(cf. also NILAN, 1956 and 1959). 

In this way mutation breeding is full of possibilities. For a review of the practical 
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results obtained so far we may refer to the recent surveys published by GAUr (1956, 
’59), KONZAK (1956, °57), NyBOM (1957), SMITH (1958), BROERTJES (1958), GUSTAFSSON 
and VON WETTSTEIN (1958), STUBBE (1958). 

However, selection as well as production of mutations should be perfected, and the 
practical breeders must help, particularly with selection methods. GAUL (1959) has 
emphasized this side of the problem. 

There are two main types of selection involved in experimental mutation. The first 
type is a more automatic selection, largely beyond the control of the experimenter or 
breeder. This so-called intrasomatic selection in the treated M‚-seed (plant) will often 
cause the mutated cells to be superseded or replaced by.the non-mutated cells which are 
presumably often more viable. The purpose of mutagenic treatment is that a mutated 
cell shall produce spore- or sex mother cell tissue (in the case of sexual reproduction), 
or a shoot or part of a shoot (in the case of asexual reproduction). The experiments of 
NYyBOM (1956, 1957) should be mentioned in this connection: elimination of mutated 
cells apparently occurs less frequently after neutron radiation than after treatment 
with X- or gamma rays. 

GAUL (1958, 1959) concludes that mutation percentages are highest when the organ 
or tissue to be treated (in barley the generative tissue of the very young ear primor- 
dium) consists of only one cell (or very few cells), because then there would be the 
least chance of the mutated cell being replaced. This conclusion is drawn from the 
fact that M‚-plants with a large number of ears produce fewer mutations in the Ma- 
ear progenies than M‚-plants with a small number of ears: in the first type of plants the 
original generative cell of the ears which develop latest is supposed to be still un- 
differentiated, and in this undifferentiated tissue the mutated cells can be easily re- 
placed. GAUL suggests that an analogous principle holds true for plants with vegetative 
reproduction. He points out that in these crops (e.g. fruit trees and ornamentals) few 
results have been obtained during a rather long period of mutation work and he 
ascribes this to the extensive growth tip tissues which are little differentiated. In these 
tissues a rigorous intrasomatic (diplontic) selection takes place. The more favourable 
results of BAUER (1957) with black currants (Ribes nigrum) would be due to the fact 
that he cut away the primary shoot which grew from the irradiated buds, and only 
used secondary sprouts from dormant buds, which at the time of treatment presumably 
consisted of one or a few cells only. For further details of the techniques which have 
been used for vegetatively-propagated plants we refer to ZWINTSCHER (1955), BAUER 
(1957) and JANK (1957). The treatment of pollen mother cells or pollen with chemical 
mutagens has been studied recently by SAUERLAND (1956) and BERGFELD (1958), who 
reported that the mutagenic effect is particularly high during the meiotic divisions, 
and much lower on the mature pollen. 

Without considering automatic selection through the death of some of the gametes 
and zygotes of the M‚-plants, the second and most important type of selection is the 
recognition and isolation of the mutated plants in M, or following generations. In 
most of the mutation experiments carried out so far special attention has been given 
to fairly drastic and easily recognizable morphological mutations in the M‚-generation. 
The majority of these appear to reduce the yield directly or to have other detrimental 
effects, or to be of no practical significance. It would seem to be an advantage to 
extend the scope of the detection, isolation and testing of experimental mutations to 


202 


INDUCED MUTATION 


include physiologic and micromutations. But it should be emphasized that division into 
morphological as opposed to physiological or chemical mutations, or into macro- 
and micro-mutations, are often only arbitrary and not clear-cut. There is also a ten- 
dency to classify smaller mutations with a quantitative effect as physiological mu- 
tations. Nevertheless, it is important to point out here that recently more attention 
has been given to the study of the genetic influence of mutagens on typical quantitative 
properties. In this connection we refer to the articles of GREGORY (1955 and 1956; 
peanut); MERTENS and BURDICK (1957; tomato), OKA c.s. (1958; rice), RAWLINGS C.S. 
(1958; soyabeans) and STUBBE (1959; barley, soyabeans, tomatoes); or, in animals, 
BUZZATI-TRAVERSO (1953 and ’58; Drosophila), and LERNER c.s. (1958; fowl). 

In almost all mutation experiments types occur that are earlier than the mother 
variety, by periods varying from some days to a few weeks. This suggests that all 
sorts of other physiologic and micromutations will occur which are less easily recog- 
nizable. Perhaps it may also be assumed that among these types of mutation relatively 
more useful or favourable ones occur. 

The resistance-mutations mentioned above can also be classed as physiologic 
mutations. Tests to detect them have been developed, and according to the examples 
mentioned above, with positive results, although in a few cases outcrossing may be 
suspected, particularly in view of the high degree of male sterility induced by the 
mutagenic treatment. 

For investigations on chemical-physiological as well as morphological mutations the 
work of STUBBE and collaborators (SCHOLZ, ZACHARIAS, SCHREIBER and GRÖBER) in 
barley, soya, tomatoes etc. should be mentioned (Stuge, 1958). Of the many hundreds 
of barley mutants a number of erectoides-types vary in yield from 97 to nearly 106 %5 
of the original variety. Four semi-smooth awned types vary from 102 to 112%. In 
addition mutants with naked kernels (loose glumes) have been obtained, with equal 
yields and of better value as pig food. Until then naked kernels had been found only 
in some primitive forms (ScHoLz, 1958). A considerably higher yield was also ob- 
tained in a number of early forms and in various types with resistance against mildew. 
Much attention has been given to finding mutants with a high crude protein content: 
up to 25,000 M‚-plants are being tested annually, and some of the positive forms are 
analyzed in the following generations. Protein-rich mutants have been found in spring 
barley in particular, with contents of 15 to 16% as against 12 to 13% in the initial 
material. However, grain production of the protein-rich types appears to be reduced, 
lying mostly between 80 and 90%. The genetical nature of these mutants is still un- 
known. 

In the mutation experiments with soy beans (ZACHARIAS) the object is almost always 
to produce quantitative or physiological changes: types are desired that germinate 
at lower temperatures (earlier) and have a shorter growing period, resulting in higher 
and esp. more reliable yields. 

The experiments with tomatoes, Lycopersicum esculentum and L. pimpinellifolium, 
also look promising. Apart from earliness, high yield and good quality of the fruits, 
special attention has been given to the tomatine content, an alkaloid of importance in 
many respects: resistance of the tomato and of wild potato species to the Colorado 
beetle is due to the presence of tomatine; tomatine can be utilized for the production 
of sex and adrenal cortex hormones; and it is very suitable for the selective precipi- 
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tation of various steroids. Among the mutants, especially among slow growing 
mutants of L. pimpinellifolium, types are found with more than double the quantity 
of tomatine, and various chemical deviations have also been encountered: $-tomatine 
and demissine. 


STUBBE, 1958, formulated his optimistic opinion on the significance of mutation 
breeding as follows: in the process of controlled evolution we must no longer neglect 
the possibilities offered by experimental mutation research. It will in the future be as 
important as research, collection, and preservation of the world resources of cultivated 
plants and of their near relatives, and it will offer the possibility of creating entirely 
new cultivated plants. 

SMITH, 1958, at the end of his survey is more guarded: The crux of the problem now 
is — and this is stressed throughout — is it economically feasible to use radiation in 
plant improvement programs? There is no one answer. Each particular problem 
requires careful appraisal, and the answer will be different, depending on the material, 
objectives and circumstances. 

CALDECOTT, 1958, speaking at the First International Wheat Genetics Symposium 
at Winnipeg, Canada, gave an even more reserved verdict: The breeder of agricultural 
erops should consider mutation breeding as a last resource. 

The present writer is of the opinion that the results of artificially induced mutation 
research are such that theoretical investigations should not only be continued, but 
that also practical possibilities should be carefully studied and receive the attention of 
plant breeders, although application will present great difficulties. It is necessary to use 
the most promising techniques of production and selection of mutations, and also 
to improve these techniques. In addition the cautious remarks of SMITH should not 
be overlooked. Last but not least there is personal ability, optimism, enthusiasm and 
perseverence, characters which are important in ordinary breeding work; they are 
indispensable for prospective success in mutation breeding as well. 


SAMENVATTING 


Kunstmatige mutatie 


De schrijver geeft een samenvattend overzicht omtrent gebruikte methoden en 
verkregen resultaten bij kunstmatige mutatie. De stof is gesplitst in een algemeen 
theoretisch gedeelte en een gedeelte omtrent de mogelijkheden van praktische toe- 
passing bij de veredeling. 

In het theoretisch gedeelte (Mutatie-onderzoek) worden de verschillende typen van 
mutatie kort besproken, terwijl dan verder alleen gen- of puntmutaties en structurele 
mutaties worden behandeld. Deze twee categorieën zijn trouwens niet scherp te 
scheiden. Het onderzoek bij diploiden is moeilijker dan dat bij haploiden, dat bij , 
kruisbestuivers moeilijker dan dat bij zelf bestuivers, en dat van recessieve genmutaties - 
(de meeste) moeilijker dan dat van dominante. De belangrijkste methoden voor het - 
verkrijgen van mutaties worden dan in een tweetal hoofdstukken behandeld: “Bestra- 
ling als mutagens” en “Chemische mutagentia”. 

In het tweede gedeelte worden mutagentia, behandelingsmethoden, mutatie- , 
frequentie, mutatiespectrum, selectiemethoden, enz. beschouwd in verband met de » 
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mogelijkheden van praktische toepassing (Mutatieveredeling). Chemische mutagentia 
blijken in betekenis toe te nemen. De methodieken voor de productie en voor de 
selectie van mutanten dienen verbeterd en verfijnd te worden. Bij de selectie is tot nu 
toe vaak te eenzijdig gelet op de grotere morfologische mutaties. Er zal meer aandacht 
besteed moeten worden aan kleinere, kwantitatieve, physiologische, chemische mu- 
taties. 

De mutatieveredeling biedt veel mogelijkheden en moeilijkheden. Het scherpe oog, 
het optimisme, enthousiasme en uithoudingsvermogen die bij het gewone veredelings- 
werk zo belangrijk zijn, kunnen ook bij de mutatieveredeling niet gemist worden. 

De bijbehorende bibliographie is in vieren gesplitst: 


a. Enkele meer uitgebreide literatuurlijsten. 
b. Boeken, proceedings, symposia, enz. 
c. Artikels van algemene of samenvattende aard. 
d. Overige artikels (vooral na 1954 en vooral hogere planten). 
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